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JUTE  CULTURE. 


By  Prof.  S.  Waterhouse, 
Washington  University y  Saint  Louis,  Mo,'  ^, 


'  *   '  >      J  • 


The  recommeudations  of  the  Department  of  Agriculture  first  attracted 
my  attention  to  this  fiber,  and  the  personal  observations  of  a  visit  to 
India  have  only  confirmed  my  sense  of  its  national  importance. 

Jute  has  been  cultivat^ed  in  India  tor  hundreds  of  years,  but  it  is  only 
within  the  last  half  century  that  it  has  entered  largely  into  the  com- 
merce and  industries  of  foreign  nations.  In  the  culture  of  jute,  a  warm, 
humid  climate  is  essential  to  success;  but  the  physical  characteristics 
of  the  soils  in  which  the  plant  flourishes  greatly  vary.  It  thrives  with 
an  almost  equal  luxuriance  upon  highlands  or  alluvial  bottoms.  It  will 
grow  upon  comparatively  dry  uplands  or  in  flooded  valleys.  But  it 
prefers  a  high,  moist,  sandy  loam.  Alluvial  mold  in  which  there  is  a 
liberal  admixture  of  sand  is  favorable  to  its  growth,  but  a  very  dry 
or  a  very  sandy  soil  is  not  adapted  to  this  tillage. 

The  land  intended  for  this  crop  is  usually  broken  up  in  the  fall. 
With  unwearied  industry,  the  natives  plow  the  land  over  and  over 
again — ^in  some  instances  as  many  as  twenty  times — until  the  soil  has 
been  thoroughly  pulverized,  deeply  exposed  to  sun  and  air,  and  richly 
manured.    The  seed  is  sown  broadcast,  from  20  to  30  pounds  to  the  acre. 

The  time  of  sowing  varies  with  the  conditions  of  soil  and  climate. 
In  the  northeastern  provinces  of  Bengal,  where  nearly  all  of  the  jute  of 
India  is  raised,  the  seed  is  sown  in  February,  March,  and  April.  In 
the  vicinity  of  Calcutta  the  seed  is  often  planted  as  late  as  July. 
Sometimes  two  crops  are  raised  in  a  season,  but  this  is  too  exhausting 
to  the  soil.  After  the  jute  has  come  up,  it  is  carefully  thinned  and  then 
left,  without  much  further  tillage,  to  ripen.  It  matures  in  twelve  or 
fifteen  weeks.  The  plant  sometimes  grows  to  the  height  of  20  feet,  but 
its  average  height  is  10  or  12  feet,  and  the  diameter  of  the  butts  varies 
from  half  an  inch  to  an  inch  and  a  half.  One  variety  which  is  exten- 
sively cultivated  has  a  smooth  white  bark  and  wide-spreading  branches. 
In  the  northern  provinces  of  Bengal  the  average  yield  is  from  2,000  to 
3,000  pounds  an  acre;  in  the  neighborhood  of  Calcutta  it  is  from  500  to 
1,000  pounds.  In  the  north  of  the  Bengal  Presidency  the  quantity  of 
seed  raised  per  acre  is  1,000  or  1,100  pounds;  in  the  south  it  is  1,400  or 
1,500  pounds.  The  jute  is  cut  while  the  plant  is  in  flower,  because  the 
fiber  is  then  more  glossy  and  less  woody.    The  seed  ripens  one  month 
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after  floweruge,  and  tbe  fiber  has  then  become  so  woody  as  to  lose  much 
of  its  commercial  value.  After  cutting,  the  jute  is  usually  kept  two  or 
three  days,  till  the  leaves  fall  off,  and  then  it  is  immersed  in  water.  The 
period  of  submersion  varies,  according  to  the  temperature  and  character 
of  the  water,  from  three  or  four  days  to  a  month.  The  methods  of  steep- 
ing practiced  by  the  natives  are  various.  The  fiber  prepared  in  clear 
running  wat^r  is  strong,  white,  and  glossy;  the  process,  however,  lasts 
fQC.SQveral^wee^s.  •  But  when  the  jute  is  soaked  in  stagnant  water, 
alt^Ol^h  t}iVdi$^£9bation  is  usually  effected  within  ten  days,  yet  the 
;fiber  is.^^t.to.be  i^eak^p.and  more  discolored.  But  in  either  case  the 
•actid0j<0f  ttfe*i!^i^.'Kr.ti>*loosen  the  fibrous  bark  from  the  woody  stalk. 
The  natives  test  the  jute  from  day  to  day,  and  when  they  find  tfiat  the 
bark  is  ready  for  removal,  they  enter  the  water  and  withdraw  the  stems 
by  a  succession  of  jerks.  Their  reason  for  effecting  this  separation  in 
the  water  is  that  the  soft  and  even  pressure  of  the  fiuid  prevents  the 
rupture  of  the  fibers.  After  its  removal  the  inner  bark  is  stripped  of 
its  rind,  freed  from  all  woody  adhesions,  thoroughly  washed,  and  imme- 
diately dried.  It  then  readily  separates  into  minute  fibers,  and  is  ready 
for  the  market  or  for  domestic  spinning. 

In  the  provinces  where  jute  is  raised  the  distaff'  is  in  every  hovel. 
The  Mohammedans,  deterred  by  some  religious  scruple,  restrict  them- 
selves to  the  manufacture  of  cotton;  but  all  Hindoos  of  the  indus- 
trial classes,  robust  men,  in  theintervala  of  other  employments;  children, 
too  young  for  severer  tasks;  the  aged,  too  infirm  for  hard  work ;  invalids, 
incapable  of  active  exertion ;  and  even  the  despised  Hindoo  widow, 
whose  social  degradation  and  misery  powerfully  appeal  to  the  sympa- 
thies of  Christendom  for  relief,  engage  in  the  spinning  and  weaving  of 
jute.  The  manufacture  of  this  staple,  utilizing  the  leisure  hours  of  the 
strong  and  dexterous  handicraft  of  the  weak,  affords  occupation  to 
the  myriads;  but  wages  are  so  extremely  low  and  the  competition  of 
industries  so  limited,  that  jute-yarn  and  gunny-cloth  can  be  purchased 
almost  as  cheaply  as  an  equal  weight  of  the  crude  material.  "So  por- 
tion of  this  substance  is  wasted.  The  leaves  and  ashes  are  used  for  ma- 
nure, the  stalks  for  b'^skets  and  fuel,  the  seed  for  oil  and  oilcake,  the 
roots  for  fuel  and  paper,  and  the  silky  floss  which  escapes  from  the  fibers 
in  the  process  of  manufacture  is  wrought  into  hats. 

Till  recently  the  government  of  India  has  never  fostered  the  cultiva- 
tion of  jute;  but  without  its  patronage  this  industry  has,  within  the 
last  half  century,  risen  to  a  world-wide  importance.  In  1828  the  total 
foreign  sale  of  jute  wa^s  less  than  40,000  pounds,  worth  $300.  Now,  Cal- 
cutta, which  is  the  great  point  of  distribution,  exports  immense  quan- 
tities of  this  staple  to  Bombay,  Madras,  Ceylon,  Burmah,  Singapore, 
Penang,  Java,  Australia,  Brazil,  the  west  coast  of  South  America,  France, 
Great  Britain,  and  the  United  States.  Only  about  one-fourth  of  the 
crop  is  reserved  for  domestic  consumption.  According  to  the  fashion  of 
the  different  countries,  pepper,  cottee,  sugar,  rice,  cotton,  soda,  lime,  the 
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matte  aud  regnlas  of  the  precious  metals,  and  luany  other  articles  ot 
commerce,  go  to  market  in  a  dress  made  of  gunny-cloth. 

The  statistics  of  the  development  of  the  jute-culture  in  India  are  im- 
pressive and  suggestive.  In  1802,  India  exported  10,000,000  pounds  of 
fiber  and  rope  and  300,000,000  yards  of  gunny-cloth.  In  1863,  Great  Brit- 
ain employed  more  than  30,000  spindles  in  spinning  80,000,000  pounds  of 
Indian  jute.  Recently  this  staple  has  arisen  to  the  dignity  of  the  fourth 
place  in  the  exports  of  India;  only  cotton,  opium,  and  rice  exceed  it  in 
commercial  importance.  Some  of  the  Indian  factories  are  immense. 
There  is  an  establishment  at  Barnagpoor,  near  Calcutta,  which  employs 
more  than  4,500  workmen,  and  annually  manufactures  more  than 
30,000,000  pounds  of  jute.  In  1872,  the  total  exportation  of  Indian  jute 
was  700,000,000  pounds,  of  which  Great  Britain  received  upward  of 
395,000,000  pounds.  In  the  same  year  more  than  900,000  acres  were 
devoted  to  the  .cultivation  of  jute  in  India;  and  in  the  thirteen  provinces 
in  which  jute  is  principally  raised,  out  of  a  population  of  15,725,000, 
more  than  1,350,000  were  wholly  or  i)artially  engaged  in  this  occupation. 
These  figures  CQjiclusively  show  tlie  vast  magnitude  and  importance  of 
this  industry  to  India.  Other  statistics  will  illustrate  the  value  of  this 
staple  to  an  exclusively  manufacturing  community. 

Nearly  half  a  century  ago  some  sagacious  Scotchmen  engaged  in  the 
manufacture  of  jute.  Their  humble  experiment  has  developed  into  a 
success  that  has  enriched  Scotland  and  promoted  the  commerce  of  the 
world. 

At  first  many  difficulties  arrested  their  progress.  Much  of  the  fiber 
was  discolored  by  the  tannic  acid  of  the  Lark,  through  improper  methods 
of  preparation;  and  it  was  only  after  years  of  persistent  effort  that  a 
Buccessful  process  of  bleaching  was  discovered. 

Again,  the  fiber  stubbornly  resisted  the  action  of  dye-stuffs,  and  over 
this  difficulty  chemical  science  has  yet  only  partially  triumphed.  Jute 
can  now  be  dyed,  but  the  colors  are  not  fast.  Still  the  variety  of  tint« 
now  imparted  to  jute  permits  it  to  be  combined  with  other  materials  in 
cheap  imitation  of  many  valuable  fabrics. 

Jute  is  mixed  with  cotton,  linen,  and  silk.  It  is  a  material  part  of 
twilled  stair-carpeting  and  low-priced  broadcloth.  In  combination  with 
other  textiles,  it  imitates  the  gloss  of  Irish  linen,  the  luster  of  French 
silk,  the  beauty  of  Turkish  rugs,  and  the  splendor  of  Axminster,  Bad- ' 
derminster,  Brussels,  and  Venetian  carpets.  Single  or  mixed,  it  enters 
into  the  manufacture  of  a  thousand  articles  of  commerce.  In  1872,  there 
were  in  Dundee  about  one  hundred  jute-mills,  employing  upward  of 
20,000  workmen,  and  manufacturing-  more  than  180,000,000  pounds  of 
jute  annually.  In  the  same  year  nearly  50,000,000  gunny  bags — most 
of  which  were  made  in  Dundee — were  exported  from  Great  Britain.  Of 
the  300,000,000  pounds  of  jute  that  were  manufactured  in  the  United 
Kingdom  in  1876,  200,000,000  pounds  were  woven  in  the  mills  of  Dun- 
dee.    The  annual  value  of  the  flax,  hemp,  and  jute  manufactured  in 
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was  handled  in  balk  by  elevators,  barges,  canal-boats,  railroads,  and 
steamships;  but  before  it  could  be  brought  from  the  varioui^  points  of 
production  to  these  facilities  of  transporta>tion  it  had  to  be  inclosed  in 
bags.  If  it  were  necessary  to  renew  these  bags  every  year,  it  would 
now  cost  the  United  States  $100,000,000  annually  for  its  grain,  pulse, 
and  potato  sacks.  This  calculation  is  based  upon  the  assumption  that 
all  the  bags  are  made  of  jute.  If  the  material  werer.  cotton,  flax,  or 
hemp,  the  expense  would  be  still  greater.  But  as  the  sacks  last  several 
years,  the  annual  cost  is  not  probably  one-fifth  of  the  above  aggregate. 
In  1876,  the  cotton  crop  of  the  United  States  was  about  4,500,000  bales, 
and  at  the  ruling  rates  the  cost  of  the  gunny-cloth  in  which  this  cotton 
was  sent  to  market  was  not  less  than  $3,900,000. 

Unlike  the  grain-sacks,  the  jute  baling  cannot  be  used  a  second  time, 
and  therefore  a  wholly  fresh  supply  is  necessary  every  year.  Our  native 
production  of  fibers  is  greatly  inadequate  to  meet  the  demand.  In 
1868,  the  United  States  paid  $23,000,000  for  imported  flax,  hemp,  and 
jute.  In  1870,  the  cost  of  imported  fibers  was  more  than  $30,000,000  in 
gold.  The  quantity  of  jute  alone  imported  in  1870  was  upward  of 
19,000,000  pounds.  Yet  these  figures,  although  large,  but  imperfect^' 
indicate  the  demand  which  there  would  be  for  jute  if  it  were  a  domestic 
production.  The  cheaper  fiber  would,  of  course,  be  substituted  for  the 
more  costly  wherever  it  was  possible,  and  accordingly  jute,  in  conse- 
quence of  its  comparative  inexpensiveness,  would  supplant  hemp  and 
flax  in  the  manufacture  of  carpets  and  many  other  fabrics.  For  bagging 
and  cotton-baling,  jute  has  already  almost  entirely  superseded  the  use 
of  the  other  fibers.  But  possibly  it  will  be  found  better,  in  order  more 
fully  to  meet  the  varying  needs  of  commerce,  to  interweave  jute  with 
cotton,  flax,  and  hemp }  and  in  that  event  the  introduction  of  jute, 
instead  of  depressing,  would  stimulate  the  culture  of  these  fibers.  But 
the  vast  need  of  our  country  for  grain-sacks,  cotton-bale  covers,  and  a 
cheap  warp  for  a  woof  of  other  textile  materials  will  create  a  corre- 
spondingly vast  demand  for  home-grown  jute.  It  will  indicate  a  lack  of 
southern  enterprise  if  American  jute  does  not  yet  rise  to  a  textile  im- 
portance second  only  to  that  of  American  cotton. 

Heretofore  the  agriculture  of  the  South  has  been  restricted  to  the  pro- 
duction of  a  very  few  staples.  This  narrow  limitation  of  southern 
industry  is  an  essentially  false  policy.  The  South  has  made  the  grave 
mistake  of  confining  its  activities  almost  exclusively  to  one  pursuit. 
But  no  country  can  realize  its  highest  possibilities  of  material  greatness 
by  following  a  single  employment.  The  urgent  need  of  the  South  to- 
day is  a  wide  range  of  industries.  It  ought  to  superadd  manufaotures 
to  a  larger  variety  of  agricultural  productions.  Then  the  competition 
of  the  diflferent  occupations  would  impart  activity  to  business,  give  more 
employment  to  labor,  create  better  local  markets,  raise  the  price  of  agri- 
cultural and  manufactured  products,  increasing  the  profits  of  workmen,. 
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planters,  and  manufacturers,  and  promote  the  well-being  of  the  entire 
community. 

The  introduction  of  the  growth  and  manufacture  of  jute  presents  a 
new  opportunity  for  diversifying  the  industries  of  the  Southern  States. 
If  the  experiments  which  have  been  already  tried  in  the  South  are  a  safe 
guide,  then  the  profits  of  jute  culture  would  amply  reward  the  American 
planter. 

According  to  the  estimates  of  practical  experience,  jute-butts  can  be 
produced  in  the  United  States  for  3  cents  a  pound  in  currency,  and  the 
fbie  fiber  for  8  cents.  The  average  price  of  Indian  butts  in  this  country 
is  3  or  4  cents  a  pound  in  gold,  and  the  fine  yam  is  worth  8  or  10  cents 
a  pound  in  gold.  ISTor  is  the  difference  between  the  cost  of  Indian  and 
American  jute  the  only  source  of  profit. 

There  is  a  relative  economy  in  the  cultivation  of  this  plant.  Accord- 
ing to  southern  testimony,  it  is  four  times  a«  productive  as  cotton  or  flax, 
while  at  the  same  time  it  takes  not  more  than  one-tenth  as  much  laboi 
to  raise  it.  In  the  manufacture  of  hemp  and  flax  there  is  a  loss  of  15  or 
20  per  cent,  of  the  material,  while  the  loss  in  working  jute  is  only  about 

9  per  cent.  In  our  markets  jute-bags  are  worth  from  ^  to  ^  a  cent  a 
yard  more  than  flax-bags.  Hemp  rots  much  quicker  than  jute  does. 
The  superior  cheapness  and  durability  of  jute  are  rapidly  displacing  flax 
and  hemp  in  low-priced  manufactures. 

There  are  also  important  incidental  advantages  of  this  tillage.  The 
vigorous,  luxuriant  growth  of  the  jute  almost  exterminates  weeds  from 
the  soil  in  which  it  is  sown,  while  the  bitterness  of  its  juice  repels  the 
attacks  of  insects.  It  has  been  found  that  cotton-fields  surrounded  by 
a  belt  of  jute  we,re  exempt  from  the  depredations  of  the  caterpillar,  while 
unprotected  fields  in  the  same  neighborhood  suffered  from  its  ravages. 

The  profits  of  the  domestic  manufacture  of  jute  are  not  unworthy  of 
the  attention  of  capitalists.  Eighteen  hundred  and  seventy  was  a  year 
of  exceptionally  high  prices.  In  that  year  the  profit  on  the  home  manu- 
facture of  19,000,000  pounds  of  jute  was  more  than  $2,000,000.  Of  jute 
fiber,  butts,  and  rejections,*  the  total  consumption  in  the  United  States 
in  the  last  three  years  was  over  300,000,000  pounds.  At  present,  the 
average  cost  of  jute-butts,  delivered  in  Saint  Louis,  is  3  or  3J  cents,  gold, 
per  pound,  and  the  ruling  rate  of  the  jute-baling  manufactured  in  this 
city  is  now  12J  cents  a  yard  in  currency.  From  these  data  practical 
men  will  be  able  to  form  just  estimates  of  the  costs  and  profits  ot  this 
manufacture.  Imported  gunny-cloth,  generally  of  an  inferior  quality, 
now  commands  an  average  price  of  d  or  10  cents  a  yard  in  currency; 


*  These  are  technical  terms.  In  the  language  of  trade,  ''jute-butts^'  are  sections,  12 
or  15  inches  in  length,  of  the  lower  end  of  the  plant.  These  coarser  portions  are  made 
into  heavy  baling  and  bagging.  The  f  fiber"  is  the  long  silky  yarn,  which  is  woven 
into  finer  fabrics;  and  the  **  rejections"  are  parts  of  the  '*  fiber,"  which,  in  consequence 
of  being  stained,  tangled,  or  woody,-  are  unfit  for  delicate  manufactures.  * '  Rejections  \ 
are  commonly  worked  up  with  the  butts. 
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but  domestic  bagging,  although  somewhat  more  expensive,  is,  in  conse 
qnence  of  its  better  quality  and  make,  usually  preferred.  The  home 
manufacture  of  jute-baliiig  has  already  become  an  important  industry. 
In  1876  the  mills  of  Saint  Louis  alone  manufactured  (),(J0(),000  yards  of 
jute-bagging.  The  domestic  growth  of  jute  would  not  only  benefit  the 
producers  and  manufacturers,  but  it  would  also  impart  prosperity  to  other 
indastries.  It  would  afford  an  inexhaustible  supply  of  cheap  material 
to  the  paper-makers.  The  root-fiber  and  other  refuse  portions  of  the 
plant,  and  the  worn-out  baling,  sacks,  and  carpets,  can  now  be  con  verted 
into  a  smooth,  strong,  white  paper.  During  the  last  five  years  about 
170,000,000  pounds  of  jute  were  made  into  paper  in  the  United  States. 
The  newspapers  of  the  United  States  ought  actively  to  promote  an  un- 
dertaking the  success  of  which  would  so  greatly  redound  to  their  own 
advantage. 

It  is  a  costly  improvidence  to  pay  other  nations  for  staples  and  prod- 
ucts which  we  can  raise  and  manufacture  as  cheaply  as  they  can.  For 
all  imported  jute  fabrics  we  are  now  paying  the  cost  of  production 
in  India,  the  freight  to  England,  the  expense  of  manufacture,  the  trans- 
portation to  the  United  States,  and  the  commissions  of  all  the  factors 
and  insurance  agents  through  whose  hands  the  goods  have  passed. 
Millions  of  dollars  are  now  annually  paid  to  foreigners  for  labors  that 
ought  to  be  performed  by  Americans.  We  are  heedless  of  the  lessons* 
of  public  economy.  A  diversity  of  employments  and  an  industrial  in- 
dependence of  other  countries  wiU  most  efficiently  promote  the  welfare 
of  our  own  people.  It  is  the  true  policy  of  the  United  States  to  intro- 
duce and  naturalize  the  industries  of  the  Old  World  and  to  foster  the 
common  wealth  of  the  nation  by  paying  to  American  handicraft  the 
millions  which  are  now  the  rich  reward  of  European  skill.  The  English 
government  finds  it  very  difficult  to  introduce  improved  machinery  or 
scientific  methods  into  the  agriculture  of  India.  The  inert  masses  resist 
innovation  with  a  conservatism  born  of  centuries  of  stagnation.  The 
traditional  implements  and  processes  of  an  earlier  age  are  still  used  in 
the  tillage  of  India.  The  plows  and  harrows  and  the  machines  for 
spinning  and  weaving  are  of  the  rudest  description.  The  natives  are 
too  poor  to  buy  improved  tools  and  too  ignorant  to  use  the  better 
methods.  They  have  not  analyzed  their  soils,  ascertained  the  best  suc- 
cession of  crops,  tested  the  different  systems  of  fertilization,  or  improved 
their  primitive  processes  of  preparing  and  manufacturing  their  staples. 
In  fine,  their  labor  is  unintelligent,  and  therefore  ineffective  and  un- 
thrifty. 

An  industial  comparison  of  our  Southern  States  with  India  greatly 
encourages  our  hopes  of  success  in  this  new  industry.  The  labor  of  the 
South  is  far  more  intelligent  than  that  of  India,  and  it  is  constantly 
under  skillful  guidance.  The  southern  planters  will  not  follow  an  an- 
tediluvian style  of  agriculture.  In  India  the  best  soil  is  usually  devoted 
to  raining  jute  for  the  market,  and  the  poorer  land  is  left  for  the  pro- 
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ductioQ  of  jute-seed.  The  natural  consequence  of  this  course  is  the 
deterioration  of  the  seed.  In  the  United  States,  on  the  contrary,  a 
portion  of  tlie  best  land  has  been  reserved  for  seed,  and  the  result  is  a 
signal  improvement  in  the  quality  of  tbe  seed.  American  jnte-seed  is 
one-sixth  heaxier  tlian  that  of  India.  The  broadcast  sowing  of  Bengal 
is  uneven  and  wasteful.  Our  patent  drills,  saving  10  or  15  pounds  of 
seed  to  the  acre,  do  the  work  with  far  greater  rapidity  and  equality  of 
distribution.  Tbe  eflSciency  of  our  agricultural  machinery  will  more  than 
neutralize  the  seeming  advantage  which  ludia  possesses  in  the  cheap- 
ness of  its  manual  labor.  It  would  take  tens  or  hundreds  of  Indian  hands 
to  do  the  work  of  one  American  machine. 

It  will  be  strange  indeed  if  the  mechanical  ingenuity  which  in  some 
departments  of  manufacture  has  triumphed  over  the  cheap  skilled  labor 
of  Europe  and  enabled  the  United  States  profitably  to  export  to  the 
great  centers  of  industrial  art  watches,  cutlery,  agricultural  implements, 
coarse  domestics,  and  some  finer  fabrics,  cannot  win  a  far  greater  vic- 
tory over  the  unskilled  hand  labor  of  India.  It  is  high  time  for  a  gen- 
eral introduction  of  the  culture  of  jute  in  our  Southern  States.  Every 
step  in  the  i^rogress  of  naturalization  should  be  attended  by  intelligent 
experiment.  Tests  of  everj'  kind  of  sdil  and  treatment  will  resnlt  in 
better  seeds,  a  larger  yield,  a  rotation  of  crops  that  will  be  least  ex- 
hausting to  the  soil,  machines  for  the  cheax)  and  rapid  removal  of  the 
bark  of  the  plant,  and  processes  of  steeping  that  will  separate  the  fiber 
without  destroying  its  strength,  color,  or  gloss.  Then  the  new  enterprise, 
giving  employment  to  home  labor  and  activity  to  domestic  capital,  will 
quicken  the  revival  of  our  languishing  industries,  aid  the  South  in  re- 
gaining its  material  prosperity,  and  enrich  the  nation  by  the  economy  of 
millions  which  have  heretofore  been  paid  to  foreign  lands. 


The  foregoing  article  on  *'jute  culture"  appeared  in  the  Annual  Report  of  this  De- 
partment for  the  year  1876.  The  industry  is  regarded  as  one  of  sufficient  importance 
to  warrant  the  republieation  of  this  paper  in  connection  with  a  more  recent  treatise 
•on  the  rapid  expansion  of  the  industry,  from  the  pen  of  the  same  writer.  The  article 
is  as  follows: 


EXPANSION  OF  THE  JUTE  INDUSTRY. 


Hon.  GEOBas  B.  Loring, 

Commissioner  of  Agriculture : 

Sir:  Your  proposal  to  republish  my  article  on  jute,  with  such  sup- 
plementary observations  as  later  experience  suggests,  was  as  unexpected 
as  it  is  gratifying.  The  tender  of  my  cordial  acknowledgments  for  so 
distinguished  a  favor  is  accompanied  with  an  earnest  hope  that  this  re- 
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print  will  not  be  wholly  ineffective  in  promoting  the  development  of 
an  indnstry  whose  productive  value  may  yet  rival  the  economic  impor- 
tance of  cotton. 

It  is  now  six  years  since  the  foregoing  article  on  jute  was  originally 
published. 

It  may  be  instructive  to  glance  at  the  surprising  changes  which  have 
taken  place  in  this  brief  period. 

EXPANSION  OF  THE  JUTE"  TRADE. 

In  1878  the  writer  visited  Dundee.  The  city  presents  an  impressive 
.  si)ectacle  of  manufacturing  greatness.  The  massive  walls  which  sur- 
round the  Jute  factories  resemble  the  ramparts  of  extensive  fortifications. 
The  streets  are  shaded  with  a  forest  of  lofty  chimneys.  Throughout 
the  city  there  are  on  all  sides  conspicuous  proofs  of  the  great  prosperity 
which  a  single  industry  has  created. 

Of  Vdte  the  jute  mills  of  India  have  been  dangerous  cx)mpetitors. 
English  intelligence  employing  the  cheap  labor  of  Bengal  has  obtained 
control  of  adjacent  markets.  Formerly  most  of  the  jute  goods  which 
the  far  east  consumed  were  mg,nufactured  in  Dundee,  but  now  the  de- 
mands of  the  Oriental  trade  are  supplied  by  the  factories  of  India. 

In  the  report  of  Consul  Winter  there  is  a  tabulated  statement  of 
the  number  of  gijnny-bags  exported  from  Calcutta  from  January  1  to 
August  31, 1881.  In  order  to  show  how  extensively  this  element  of 
eastern  commerce  has  been  diverted  from  Scotland,  some  of  these  sta- 
tistics are  reproduced ;  but  only  the  largest  aggregates,  quoted  with  the 
inexactness  of  round  numbers,  are  here  given.  This  partial  table  of 
the  jute  bags  exported  from  Calcutta  is  as  follows: 

Destination :  Number. 

Sonth  Africa 1,100,000 

Anstralia,  New  Zealand.  &c 3,000,000 

*  HoDg-Kong  and  San  Francisco 17,750,000 

Burmah,  Straita  and  coast  ports 25,340,000 

But  notwithstanding  this  vast  loss  of  patronage,  the  manufacturers 
of  Dundee  have  been  steadily  extending  their  business;  though  the 
number  of  factories  remains  about  the  same,  their  capacity  of  produc- 
tion has  been  materially  enlarged;  more  than  30,000  hands  are  now  em- 
ployed in  the  jute  mills  of  Dundee.  In  consequence  of  the  ever-widen- 
ing range  of  uses  to  which  the  fiber  is  applied,  the  consumption  of  jute 
is  increasing  all  over  the  world. 

The  consular  report  above  cited  states  that,  with  the  single  excep- 
tion of  Eussia,  jute  factories  have  been  established  in  every  country  of 
Europe.  But  in  1879  the  exportations  of  jute  to  Great  Britain,  France, 
and  the  United  States  amounted  to  more  than  730,000,000  pounds.  If 
the  consumption  of  three  countries  reached  this  aggregate,  it  would  pre- 
sumably be  safe  to  conclude  that  the  total  exports  to  all  lands  are  now 
not  less  than  800,000,000  pounds. 
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But  India  itself  manufactures  about  200,000,000  pounds.  Late  es- 
timates place  the  present  annual  production  of  Indian  jute  at  from 
1,000,000,000  to  1,200,000,000  pounds.  In  the  absence  of  recent  statis- 
tics, it  is  impossible  to  ascertain  the  exact  amount;  probably  these  esti- 
mates are  too  high. 

Ten  years  ago  intelligent  observers  foresaw  the  present  greatness  of 
the  jute  industry.  In  1872  Mr.  George  Burnet,  of  Scotland,  visited 
India  and  examined  the  sources  of  supply.    He  says: 

BelieviDg,  as  we  do,  that  the'jate  trade  is  the  most  expansive  of  any  trade  now  in 
existence,  and  that  within  the  space  of  the  coming  ten  or  fifteen  years  in  India,  Great 
Britain,  America,  and  the  continent,  five  or  six  miUions  of  hales  may  be  required  an- 
nnaUy,  we  see  no  reason  to  doubt  tliat  Bengal  and  British  Burmah  can  easily  and 
without  displacing  any  other  article  of  necessary  consumption  produce  all  that  the 
growing  trade  requires.  It  is  very  apparent,  however,  that  the  present  mode  of 
growing  and  treatment  and  preparation  is  very  rude  and  faulty.  It  is  very  difhcult 
to  introduce  improvements  amongst  a  class  so  widely  scattered,  having  such  small 
holdings  astheTvots  have  and  will  continue  to  have. 

Again,  in  1873,  he  writes : 

The  trade  in  jute  is  one  of  the  most  expansive  in  the  world.  Durinj;  the  last  quar- 
ter of  a  century  it  has  progressed  steadily  and  rapidly,  until  in  the  year  1866  the 
exports  of  jute,  together  with  jute  rejections  and  cuttings,  reached  638,908  bales, 
while  in  1871  it  amounted  to  1,644,311  bales.  Last  crop  exceeds  that  in  quantity,  apd 
it  will  all  be  required. 

At  the  present  time  jute  goods  cannot  be  produced  fast  enougb  to  n^eet  the  demana. 
Mills  and  factories  are  being  increased  in  Great  Britain  and  India,  and  are  also  being 
erected  in  Australia,  America,  and  the  continent  of  Eurojie.  At  the  end  of  the  com- 
ing decade  the  wants  of  the  whole  trade  will  likely  reach  four  to  five  millions  of  bales 
annually. 

Though  Mr.  Burnet's  expectations  were  somewhat  too  sanguine,  his 
prediction  of  a  vast  expansion  of  the  jute  trade  evinced  no  lack  of 
forecast. 

The  agricultural  development  of  the  United  States  in  the  last  half 
dozen  years  has  been  marvelous.  Our  cotton  crop  is  now  6,750,000 
bales,  and  the  total  yield  of  cereals  is  2,700,000,000  bushels.*  < 

The  production  of  vegetables  which  are  carried  to  market  in  sacks  is 
almost  illimitable.  The  demand  for  bagging  has  enormously  increased. 
The  baling  of  the  cotton  crop  of  the  United  States  in  1882  consumed 
more  than  100,000,000  pounds  of  jute.  The  product  of  the  factories  of 
Saint  Louis  has  risen  from  6,000,000  yards  of  bagging  in  1876  to  13,000,000 
yards  in  1882,  and,  to  meet  the  greater  demand,  several  jute  mills  have 
recently  been  built  in  the  Southern  States, 

The  coarse  webs  just  mentioned  are  the  cheapest  goods  into  which 
jute  is  ever  manufactured.  The  finer  fiber  is  wrought  into  an  almost 
infinite  variety  of  elegant  and  costly  imitations. 

Allusion  was  made  in  the  former  article  to  the  beauty  of  these  luxu- 

*  The  summaries  of  the  field  products  of  1882  are  not  yet  quite  complete,  but  the  above 
figures,  which  are  suificiently  exact  approximations,  are  sanctioned  by  the  statistician 
of  the  United  States  Agricultural  Department. 
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nous  fabrics.  Their  novelty  and  number  are  constantly  increasing,  but 
while  from  the  want  of  accurate  data  the  total  worth  of  these  rich  text- 
ures is  incalculable,  yet  tiny  estimate  which  fails  to  recognize  their 
enormous  value  would  be  eminently  unjust  to  the  textile  importance  of 
jute. 

But  it  is  not  necessary  to  replace  all  the  statistical  illustrations  of  the 
former  article  with  statements  of  present  production.  The  latest  agri- 
cultural reports  of  India-  are  not  yet  accessible;  and  the  inteUigent 
reader,  familiar  with  the  recent  statistics  of  American  products,  will  be 
able  to  make  the  proper  substitutions,  and  to  observe  with  how  much 
greater  force  the  larger  facts  of  to-day  urge  the  establishment  of  the 
new  industry  in  this  country. 

It  is  obvious  from  the  preceding  figures  that  jute  is,  next  to  cotton, 
the  most  important  vegetable  fiber  in  the  world. 

The  greater  part  of  this  surprising  development  has  taken  place  in 
the  last  quarter  of  a  century. 

LUXURIANT   GROWTH  OF  JUTE   IN   THE   UNITED   STATES. 

An  interest  in  the  economic  welfare  of  the  United  States  naturally 
suggests  the  inquiry  whether  an  industry  productive  of  so  great  afflu- 
ence cannot  be  established  in  this  country  t  The  substantial  identity  of 
climate  and  soil  in  some  districts  of  Bengal,  and  certain  sections  of  the 
South,  created  a  presumption  that  jute  could  be  naturalized  in  the  Gulf 
States.  This  probability,  practical  tests  have  strengthened  into  cer- 
tainty. Hundreds  of  successful  experiments  have  shown  the  ease  with 
which  jute  can  be  raised  in  the  Southern  States.  The  results  of  many 
of  these  trials  have  been  published  in  the  reports  of  the  Department  of 
Agriculture.  The  accounts  which,  in  return  for  distribution  of  seed, 
have  been  personally  received  would  fill  many  pages.  They  are  unani- 
mous in  their  testimony.  They  prove  beyond  the  possibility  of  intelli- 
geut  doubt  that,  under  proper  conditions  of  soil  and  moisture,  jute 
thrives  on  the  borders  of  the  Gulf  with  great  luxuriance.  But  few  of 
the  tropic  weeds,  whose  noxious  exuberance  seems  to  be  in  inverse  ratio 
to  their  value,  exceed  it  in  rankness  of  growth.  Some  of  the  reports 
assert  that  jute  can  be  raised  as  easily  as  Indian  corn. 

In  1881  Mr.  Drummond,  of  the  British  legation  at  Washington, 
deemed  tlie  subject  of  jute  culture  in  the  United  States  worthy  of  a 
special  report  to  the  English  Gt)vernment.    He  says: 

Experiment  'were  made  in  those  (Southern)  States,  which  proved  that  the  cultiva- 
tion and  preparation  of  these  fibers  (ramie  and  jute)  is  practicable  and  profitable. 

LoHtyear  1,500  packages  of  seed  were  distributed  to  the  farmers  in  Louisiana,  and 
reports  have  come  in  that  the  jute  plant  flourishes  in  every  parish,  growing  in  the 
alluvial  soil  to  a  height  of  15  feet,  and  in  the  pine  flats  and  on  the  hiUs  to  10  and  12 
feet. 

Now  this  is  interesting  to  us,  for  all  manufacturing  countries  have  been  depcnd- 
^t  upon  India /'or  their  supply  of  jute. 

There  is  no  need  of  further  experiments  to  corroborate  what  has  been 
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SO  fully  demonstrated.  It  is  dow  a  well  established  fact  that  jute 
flourishes  as  luxuriantly  in  the  United  States  as  in  India,  and  experts 
have  testified  that  the  fiber,  when  properly  prepared,  is  quite  equal  to 
that  of  Bengal.  If,  then,  the  effort  to  introduce  the  culture  of  jute  into 
this  country  is  unsuccessful,  the  failure  will  not  be  due  to  the  fact  that 
the  plant  will  not  grow  on  American  soil. 

NEED   OF  MACHINERY. 

From  the  outset  some  rapid  and  economical  process  for  the  removal 
of  the  fiber  has  been  an  indispensable  condition  of  the  prosperity  of 
the  jute  industry  in  this  country.  In  India  the  wages  of  adults  are  10  , 
or  15  cents  a  day.  In  exceptional  cases  of  strength  or  skill  the  work-  : 
man  may  obtain  a  quarter  of  a  dollar,  but  in  the  rural  districts  where  , 
Jute  is  raised  the  average. pay  for  rude  labor  is  probably  not  more  than 
one-half  of  this  sum.  In  the  United  States  wages  are  so  high  that  any 
manual  competition  with  the  hand  work  of  India  must  inevitably  prove 
a  failure.  It  has  been  evident  from  the  beginning  that  a  mechanical 
treatment  of  the  fiber  was  the  only  means  of  success,  and  consequently 
urgent  appeals  have  been  made  to  the  inventive  genius  of  oar  country- 
men to  meet  the  demand.  It  was  confideutly  believed  that  American 
ingenuity,  stimulated  by  the  motive  of  public  usefulness,  and  the  hope 
of  private  riches,  would  conquer  the  difficulty.  The  confidence  was 
not  misplaced.  The  problem  has  been  solved.  Mr.  T.  Alber  Smith,  of 
Saint  Louis,  has  invented  a  machine  which  will  enable  planters  to  de- 
termine whether  jute  can  be  profitably  cultivated  in  the  United  States. 

The  following  is  the  report  of  the  first  formal  trial  of  Mr.  Smith's 
'machine : 

Washington  University,  Saint  Louis,  Septetnber  18,  1882. 

Dear  Sirs  :  The  jute  machine  of  Mr.  T.  Alber  Smith  was  tested  la  this  city  ou'the 
12th  of  September.  The  mechanical  conditions  under  which  the  experiment  was 
tried  were  imperfect.  The  machine  was  operated  by  an  engine  that  was  at  the  same 
time  driving  all  the  machinery  of  a  large  workshop.  Hence  it  was  impossible  to  de- 
termine the  amonnt  of  power  required  to  actuate  the  jute  machine. 

The  jute  was  home  grown.     It  was  raised  near  Brookhaven,  Miss. 

As  the  jute  was  cut  before  it  was  mature,  the  stalks  were  rather  smaU  and  short. 
Their  length  ranged  from  five  to  seven  feet.  The  stalks  were  entirely  green  and  un- 
trimmed.  They^were  put  into  the  machine  with  all  their  branches  and  leaves  on,  just 
as  they  came  from  the  plantation.  The  jute  stalks  weighed  eighty-seven  ponnds. 
They  were  run  through  the  machine  in  thirty  minutes.  The  available  pulleys  of  the 
machine  shop  were  so  adjusted  as  to  afford  insufScient  power. 

It  was  deemed  unwise  for  the  sake  of  one  experiment  to  incur  the  expense  of  altera- 
tions. Not  more  than  one-third  of  the  feeding  platform  was  at  any  time  filled.  If 
the  power  had  been  adequate  the  time  consumed  in  passing  the  stalks  through  the 
machine  would  not  have  exceeded  ten  minutes.  After  the  operation  the  blades  of 
the  machine  were  found  to  be  free  from  gum.  An  Ingenious  and  effective  /application 
of  water-jets  obviates  a  difficulty  that  has  heretofore  been  very  embarrassing.  The 
separation  of  the  fiber  froov  the  ligneous  stem  was  complete.  Hardly  a  sliver  of  wood 
remained  among  the  ribbons  of  fiber,  and  wherever  a  piece  was  found  it  was  wholly 
detached  and  easily  shaken  out.    The  machine  delivered  the  fiber  straight  au<l  un- 
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tangled,  while  traveling  belts  carried  away  the  woody  fragments  and  left  them  in 
a  heap  by  themselves.  The  eighty -seven  pounds  of  stalks  yielded  twenty-seven 
pounds  of  green  fiber.  A  pound  and  a  half  of  green  fiber  were  found  in  the  refuse, 
but  this  waste  consisted  almost  entirely  of  the  fiber  of  the  branches.  These  were  sa 
short  that  the  i])3er  was  not  long  enough  to  reach  from  the^srushing  to  the  separat- 
ing rollers,  and  therefore  was  carried  through  and  deposited  with  the  refuse.  The 
machine,  of  course,  only  removes  the  woo<f  from  the  fiber.  The  process  of  retting  is 
still  necessary  before  the  fiber  is  ready  for  commercial  use.  Three  experiments  in  ret- 
ting were  tried.  Two  of  them  were  conducted  in  the  laboratory  of  Washington  Uni- 
versity. Fourteen  and  one-fourth  pounds  of  green  fiber  steeped  in  a  boiling  bath  of 
chemicals  yielded  two  and  one-fourth  pounds  of  dry  fiber.  Ten  and  a  half  pounds 
of  green  fiber  treated  by  the  same  method  produced  one  pound  and  a  half  of  dry  fiber. 
The  time  spent  in  this  process  was  exactly  six  hours. 

The  fibers  are  strong  and  easily  separated,  but  somewhat  darker  than  those  retted 
in  water.  Two  and  one-fourth  pounds  of  green  fiber  were  placed  in  water,  but  the 
process  of  retting  is  not  yet  finished. 

All  of  the  steps  described  in  these  various  tests  were  taken  under  my  personitl  super- 
vision. These. facts  will  enable  yon  to  judge  for  yourselves  of  the  commercial  value 
of  Mr.  Smith's  machine.  It  is  very  gratifying  to  me,  after  ten  years  of  urgent  appeal 
to  inventors,  that  one  of  my  own  townsmen  has  demised  a  machine  that  is  an  impor- 
tant advance  towards  the  solution  of  a  great  industrial  problem. 

Mr.  Smith's  invention  simplifies  the  process  of  preparation.  Heretofore  water 
retting  required  ponds  and  rivers  for  the  submersion  of  the  nnwieldly  mass  of  stalks. 
But  Mr.  Smith's  machine  s )  greatly  reduces  the  bulk  that  the  fiber  separated  from 
the  wood  can  easily  be  treated  in  vats.  Water  seems  to  be  the  most  economical  sol- 
vent of  the  gum  which  holds  the  jute  fibers  together.  But  water  will  do  its  work  a» 
cheaply  in  the  United  States  as  in  India.  Though  chemistry  may  yet  invent  more 
effective  methods,  at  present  the  cheapest  way  of  separating  the  fibers  is  an  immer- 
sion of  the  jute  in  vats  of  hot  water.  This  process,  impracticable  when  the  whole 
stalks  are  handled,  is  readily  feasible  when  only  the  fiber  is  treated.  Ponds  and  riv- 
ers cannot  be  heated,  but  vats  can  be,  and  an  equable  temperature  of  any  required 
degree  can  be  maintained. 

Mr.  Smith's  machine  obviates  a  serious  difficulty.  In  India  the  entire  stalk  is 
placed  in  water.  If  the  stem  is  thick  the  fiber  at  the  top  is  thin  aud  delicate,  while 
that  at  the  foot  is  coarse  and  dense.  As  the  water  has  access  only  to  the  outside  of 
the  stalk,  the  thicker  bark  and  more  compact  fiber  at  the  bottom  prevent  a  uniformity  of 
retting.  Before  the  fiber  at  the  butt  has  been  sufficiently  dissolved,  the  fiber  at  the 
top  has  become  worthless  from  overretting.  But  Mr.  Smith's  machine,  by  stripping 
away  the  woody  part  of  the  stalk,  and  freely  admitting  the  water  to  both  sides  of  the 
fiber,  insures  a  comparative  equality  of  retting  and  prevents  a  material  loss  of  fiber. 

Hoping  that  the  culture  of  jute  in  the  Gulf  States  will  soon  develop  into  a  national 
indastry,  and  coixlially  thanking  you  for  your  gratifying  acknowledgment  of  my  own 
efforts  to  promot'C  the  snccess  of  this  great  interest, 
I  am,  very  respectfully,  yours, 

8.  WATERHOUSE. 

Messrs.  James  M.  Putnam  and  C.  Menklas. 

The  small  quantity  of  fiber  obtained  in.  this  test  was  due  to  the  im- 
niatarity  of  the  stalks.  The  growth  of  the  jute  was  retarded  by  an  ex- 
cess of  moisture.  .The  stems  were  short,  slender,  and  unripe :  being 
imperfectly  developed,  they  were  deficient  in  fiber.  The  poverty  of  re- 
sults could  not  be  ascribed  to  the  method  of  treatment,  for,  with  the 
exception  of  a  surprisingly  small  amount  of  waste,  the  machine  saved 
all  the  fiber  the  stalks  contained. 
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In  the  followiug  October  the  machine  was  remov^ed  to  the  plantation 
of  Mr.  G.  Menelas,  near  Brookhaven,  Miss.  A  portion  of  the  15  acres 
of  jute  which  the  proprietor  had  planted  was  expressly  reserved  for  a 
second  trial  of  Mr.  Smith's  machine. 

It  was  now  so  late  in  the  season  that,  in  consequence  of  over-ripeness, 
the  stalks  were  dry  and  hgneous.  The  jute,  too  woody  for  textile  use, 
was  worthless  except  for  the  simple  purpose  of  a  test.  The  machine  was 
therefore  subjected  to  such  a  trial  as  it  would  never  have  to  encounter 
in  actual  service,  for  the  fiber  is  finest  when  the  plant  is  cut  in  the 
time  of  flowerage,  and  then  the  green  and  pliant  stems  do  not  expose 
the  machinery  to  violent  strains.  But,  though  repeated  tests  were  made 
^  with  hard  and  intractable  stalks,  the  operation  of  the  machine  was  sat- 
isfactory. The  severe  ordeal,  which  its  proper  duty  would  never  require 
it  to  pass,  developed  no  serious  defects.  During  all  of  the  numerous 
trials  the  action  of  the  blades  was  never  obstructed  by  any  adhesions 
of  gum. 

PROFITS. 

The  capacity  of  Mr.  Smith's  present  machine  is  15,000  pounds  of  green 
stalks  in  a  day  of  ten  hours.  The  day's  work  of  the  larger  ma<2hines 
which  it  is  proposed  hereafter  to  build  will  be  30,000  pounds.  The  serv- 
ice of  the  machine  requires  three  men.  The  inventor  authorizes  the 
statement  that  the  total  cost  of  raising  jute  and  of  preparing  it  for  market 
by  his  process  will  not  exceed  2  or  2^  cents  a  pound.  Calculations  based 
upon  this  estimate  show  that,  even  at  current  rates,  which  are  excep- 
tiouaUy  low,  jute  is  a  more  profitable  crop  than  cotton.  Planters,  whose 
long  and  varied  experience  entitles  their  judgments  to  respect,  confirm 
the  assertion.  The  bagging  mills  of.  the  South  oiier  for  home-grown 
jute  the  same  price  which  they  have  to  pay  for  the  foreign  article.  The 
freight  from  Calcutta  to  New  York  is  now  about  half  a  cent  a  pound. 
The  cost  of  foreign  jute  in  the  American  market  is  still  further  enhanced 
by  charges  of  Indian  factors  for  purchase  and  packing,  brokers'  com- 
missions, marine  insurance,  and  the  United  States  impost.  All  these 
expenses,  which  the  American  importer  cannot  evade,  favor  the  domestic 
production  of  jute.  Aided  by  mechanical  facilities  and  a  judicious  tariff, 
the  protective  duty  which  distance  imposes  will  mature  a  nascent  in- 
dustry into  a  sturdy  growth. 

But  it  is  alleged  that  the  present  tariff'  ou  jute,  which  le\des  a  higher 
rate  on  the  crude  material  than  on  the  textile  product,  unwisely  dis- 
eriminates  against  home  manufactures.  So  grave  a  charge  challenges 
the  attention  of  American  statesmen.  To  devise  a  protection  which, 
with  just  encouragements,  will  foster  an  industry  abounding  in  possibil- 
ities of  national  enrichment,  is  the  congenial  task  of  xiatriotic  Congress- 
men. If  the  endeavor  to  introduce  the  new  staple  should  ultimately  fail, 
it  would  undoubtedly  be  wise  to  remove  the  tariff  on  raw  jute ;  but  till  that 
event,  which  no  signs  at  present  portend,  it  would  be  an  act  of  impolicy 
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and  of  aufriendliness  to  American  prosperity  to  withdraw  firom  a  young 
and  struggling  indnatry  the  guardian  care  of  the  government. 

Some  planters  have  feared  that  the  competition  of  India  would  prove 
fatal  to  the  profits  of  jute  culture  in  the  United  States.  An  illustra- 
tion will  show  the  probable  groundlessness  of  this  apprehension. 

There  are  lands  in  India  as  rich  as  any  the  sun  shines  on.  The  luxu- 
riance of  the  vegetation  attests  the  fertility  of  the  soil.  The  plains  and 
intervals  of  India  resemble  the  prairies  and  alluvial  bottoms  of  the  Mis- 
sissippi Yailey*.  Unlimited  levies  of  cheap  labor  can  be  enlisted  in  the 
service  of  agriculture.  Yet,  notwithstanding  the  productiveness  of  the 
soil  and  the  lowness  of  wages,  no  American  planter  dreads  Indian  ri- 
valry in  the  cultivation  of  cotton.  The  quality  of  the  Indian  staple  is 
noticeably  inferior.  One  of  the  remarkable  sights  witnessed  in  a  per- 
sonal tour  through  India  was  thousands  of  acres  of  cotton  ^hich  seemed 
too  poor  to  gather.  Probably  something  of  the  excellence  of  American 
cotton  is  attributable  to  peculiarities  of  air  and  soil.  The  exceptional 
favors  which  nature  has  bestowed  upon  the  ^' Sea  Islands"  exclude  their 
product  from  this  general  comparision.  But  it  is  not  yet  known  how 
much  of  the  qualities  commonly  ascribed  to  climatic  conditions  is  really 
due  to  differences  of  cultivation.  If  the  population  of  India  and  the 
United  States  should  change  places,  it  is  not  certain  that  Hindoostan 
would  not  obtain  the  supremacy  in  cotton-growing  that  the  South  now 
holds.  At  all  events,  after  the  most  liberal  allowance  for  the  effect  of 
atmospheric  influences,  the  superiority  of  the  American  staple  is  largely 
due  to  better  methods  of  Agriculture.  It  is  simply  incredible  thai,  on 
similar  soil,  the  rude  tillage  of  India  should  produce  as  fruitful  results 
as  the  enlightened  culture  of  the  United  States.  The  yield  i>er  acre  of 
American  cotton  is  not  only  far  more  abundant,  but  the  fiber  is  longer 
and  finer  than  that  of  the  East  Indies.  India  enjoys  no  special  and 
exclusive  facilities  for  raising  jute.  Its  industrial  advantages  are  equally 
favorable  to  the  production  of  cotton.  If,  then,  with  all  the  benefits  of 
cheap  lat)or,  it  cannot  maintain  an  ascendency  in  growing  cotton,  how 
can  it  prevent  profitable  competition  in  the  cultivation  of  jute  f  In  the 
oase  of  both  fibers,  the  skillful  use  of  machinery  is  an  essential  factor 
of  American  success. 

The  raising  of  cotton  is  laborious  and  costly.  From  the  turning  of 
the  furrow  to  the  completion  of  the  harvest,  unremitting  care  is  neces- 
sary to  insure  a  plentiful  crop.  But  the  tillage  of  jute  is  easy  and  in- 
expensive. The  operations  after  the  stalks  have  been  gathered  require 
th&  greatest  w/>rk  and  outlay.  This  difference  increases  the  probability 
of  success  in  the  attempt  to  raise  jute  in  the  United  States;  for  a  large 
part  of  the  toil  expended  upou  the  culture  of  cotton  is  necessarily 
manual.  But  a  great  portion  of  the  work  which  prepares  jute  for  the 
market  can  be  performed  by  mechanical  processes.  Hence  the  cheap 
labor  of  India  is  mere  favorable^to  cotton  than  it  is  to  jute ;  for,  as  in- 
9470 2 


18  JUTE   CULTURE. 

telligeDce,  trained  to  the  use  of  the  best  methods,  does  not  exist  in  Hiu- 
doostau,  the  rude  physical  toil  for  which  alone  the  natives  are  fitcao  be 
more  efifectively  applied  to  the  growth  of  cotton  than  to  the  preparation 
of  jute.  If,  then,  the  East  Indians,  though  aided  by  so  signal  an-ad- 
vantage,  could  monoi>olize  the  supply  of  cotton,  is  it  not  just  to  infer 
that  a  dexterous  application  of  labor-saving  machinery  will  enable 
Americans  to  compete  with  their  foreign  rivals  in  the  productiou  of 
jute! 

The  foregoing  facts  and  reasons  certainly  seem  to  indicate  that  fair 
profits  will  reward  the  cultivators  of  jute  in  the  United  States. 

ADAPTATION   OF   THE   SOUTHERN    STATES   TO  JUTE   CULTURE. 

In  India  jute  is  raised  almost  exclusively  on  ground  that  has  been 
flooded  by  th'e  annual  overflow  of  the  rivers.  The  alluvial  deposit  left 
by  the  inundation  forms  just  the  soil  which  the  plant  requires.  The 
bottom-lands  of  the  lower  Mississippi  closely  resemble  the  jute  field8  of 
India.  There  are  in  the  South  extensive  tracts  not  suited  to  the  cul- 
tivation of  sugar  or  cotton,  but  well  aclapted  to  the  growth  of  jute.  If 
the  plant  will  flourish  on  the  salt  marshes  that  fringe  the  Gulf,  the  area 
of  land  available  for  this  tillage  is  almost  immeasurable.  The  capacity 
of  these  lands  should  be  thoroughly  tested.  If  suited  to  the  production 
of  jute,  they  can  be  converted  into  prolific  sources  of  public  prosperity. 

In  India  the  mass  of  the  people  has  an  inertia  which  the  forces  of 
modern  civilization  can  but  sluggishly  move.  Utterly  unacquainted 
with  improved  processes,  the*  native  workmen  plod  on  in  the  unthrifty 
ways  of  their  fathers.  By  always  sending  the  best  jute  to  market  and  re- 
serving the  poorest  for  seed  they  have  produced  a  marked  deterioration 
in  the  quality  of  the  fiber.  The  inferiority  of  recent  products  is  a  matter 
of  universal  observation  and  complaint.  A  desire  to  escape  the  op- 
pressive  exaction  of  Indian  monopolists,  as  well  as  to  secure  better  ma- 
terial, has  led  the  manufacturers  of  Dundee  to  try  extensive  and  costly 
experiments  in  Egypt.  But,  while  the  soil  of  the  delta  is  well  suited  to 
the  production  of  jute,  the  intellectual  and  industrial  character  of  its 
inhabitants  does  not  indicate  a  successful  result.  The  same  lethargy 
and  indifference  to  modern  methods  which  are  proving  so  disastrous  io 
India  will  in  all  probability  insure  failure  in  Egypt. 

But  the  South  ha«  cheap  and  docile  labor  which  can  be  easily  trained 
to  the  requisite  degree  of  skill.  Intelligent  experts,  superintending 
every  operation  of  the  new  industry,  will  apply  to  the  cultivation  and 
treatment  of  jute  the  best  processes  which  science  has  discovered.  Ex- 
perience will  determine  the  exact  conditions  of  soil  and  moisture  best 
adapted  to  the  growth  of  the  plant,  and  a  careful  selection  of  the  seed 
of  the  finest  stalks  will  soon  improve  the  quality  of  the  fiber.  It  is 
probable  that,  in  the  course  of  years,  American  grown  jute  will  attain 
an  excellence  as  high  and  distinctive  as  that  of  Soft  Island  cotton.  A 
vigilant  attention  to  every  means  of  imi)rovement  cannot  fail  to  pro- 
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duce  a  fiber  of  superior  strength,  fineness,  and  beauty.  The  yield  per 
acre  in  the  South  has  often  been  larger  than  that  of  India.  Scientific 
agriculture,  enriqhing  the  soil  with  a  generous  supply  of  plant-food  and 
prc(Venting  its  rapid  exhaustion  by  a  judicious  rotation  of  crops,  ought 
assuredly  to  develop  a  greater  fertility  than  that  produced  by  a  system 
of  ignorant  and  wasteful  tillage. 

The  excellence  of  the  fiber  is  generally  proportioned  to  the  freedom 
of  the  plant  from  branches.  When  there  are  no  off-shoots,  the  filaments 
have  greater  length,  softness,  and  gloss.  But  thick  sowing  seems  to  be 
the  only  practicable  way  of  preventing  branching.  If,  therefore,  the 
seed  is  sown  broadcast,  it  should  be  scattered  with  a  liberal  hand;  but 
if  it  is  planted  in  drills,  the  rows  should  be  near  each  other.  Then  the 
struggle  for  light  and  air  will  cause  the  plants  to  grow  tall,  straight, 
and  branchless. 

Ill  India  the  plan  of  planting  in  successive  months  has  been  tried.  The 
example  may  be  worthy  of  American  imitation.  If  the  seed  were  sown 
at  intervals  in  April,  May,  and  June,*as  the  harvest  would  not  all  be 
gathered  at  one  time,  a  less  number  of  machines  and  a  smaller  force  of 
workmen  would  be  required  to  handle  the  crop.  In  a  double  sense, 
the  smaller  the  plant  the  less  would  be  the  outlay.  An  income  at  sea> 
BODS  of  the  year  when  the  returns  of  other  crops  are  not  available 
would  not  be  the  least  important  advantage  which  this  system  would 
confer  upon  the  planter.  The  laborers,  too,  would  obtain  uninterrupted 
employment  and  regular  wages  during  months  in  which  they  ordinarily 
have  but  little  to  do. 

BETTING. 

In  India  practical  experience  has  shown  that  the  process  of  retting 
is  hastened  by  steeping  the  stalks  in  stagnant  water.  In  a  stream  the 
operation  takes  more  time,  but  the  fiber  has  greater  whiteness,  strength! 
and  luster.  Th^  construction  of  vats,  while  promoting  cleanliness  and 
the  economic  handling  of  the  jute,  would  permit  the  use  of  hot  water, 
steam,  or  chemicals  for  the  removal  of  the  gum.  Chemistry,  which  has 
in  mddern  times  so  usefiilly  simplified  many  industrial  processes,  may 
yet  reduce  the  time  of  retting  to  a  few  hours.  But,  unless  the  element 
of  time  becomes  very  important,  water  will  always  be  the  cheapest  solv- 
ent In  India  the  average  duration  of  retting  is  10  or  15  days.  So  short 
a  period  will  not  allow  the  substitution  of  any  costly  process.  What- 
ever takes  the  place  of  water  must  save  the  difference  in  expense  by 
eeonomy  of  time. 

LABOR-SAVING  FACILITIES. 

In  order  successfully  to  compete  with  the  cheap  labor  of  India  and 
the  mechanical  skill  of  Dundee  the  most  efficient  agencies  must  be  em- 
ployed. The  plowing,  planting,  cultivating,  and  cutting  should  be 
dpne  by  the  best  implements  which  ingenuity  has  devised  to  lessen  the 
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toils  of  agriculture.  The  ribbons  of  fiber,  swiftly  stripped  from  tbe 
stalks  by  fingers  of  steel,  ought  to  be  placed  on  large  frames,  which, 
under  the  control  of  steam,  would  move  up  and  down  in  the  retting 
vats  like  an  elevator.  All  the  processes  of  manufacture  must  be  per- 
formed by  the  latest  labor-saving  appliances.  It  is  only  by  such  eooD. 
omies  that  Americans  can  hope*  to  excel  foreign  competition. 

If  the  South  raises  more  jute  than  the  needs  of  this  country  require, 
it  may  yet  export  the  fiber  to  Dundee,  as  it  does  cotton  to  Liverpool.  In 
the  event  of  success  in  the  cultivation  of  jute  in  this  country,  some  of 
the  Dundee  manufacturers  have  intimated  their  willingness  to  establish 
factories  in  the  United  States. 

PEOSPBCTS  AND  SUGGESTIONS. 

« 

The  Americans  are  actively  prosecuting  the  experimental  growth  of  jute  in  varions 
l)arts  of  their  country,  while  we  are,  as  a  government,  doing  nothing  to  extend  it. 

These  words,  uttered  in  1873  by  Hon.  George  Campbell,  the  lieu- 
tenant-governor of  India,  have  to-day  a  fresh  and  dangerous  signifi- 
cance. The  attention  which  the  Southern  States  are  now  giving  to 
the  subject  of  jute-culture  is  deep  and  unexampled.  The  interest  is 
akin  to  public  enthusiasm.  Never  from  the  inception  of  the  attempt 
to  naturalize  jute  in  this  country  have  the  auguries  of  success  been  so 
propitious.  The  very  uncertainty  of  other  staples  sti'ongly  recommends 
the  cultivation  of  the  Indian  plant.  Cotton  and  sugar  are  not  sure 
crops.  The  havoc  of  worms  and  insects  often  disappoint  the  hopes  of 
the  planter.  But  jute  is,  seemingly,  offensive  to  these  destructive 
pests.  Its  bitter  and  acrid  qualities  are  said  to  drive  then)  from  its 
presence.  It  might,  indeed,  be  used  as  a  vegetable  police  to  guard 
other  crops  from  attack.  If,  in  the  discharge  of  its  sentinel  duties,  it 
should  merely  shield  cotton  from  the  insidious  inroads  of  its  enemies, 
its  cultivation  for  exclusively  defensive  service  would  annually  save 
the  South  millions  of  dollars.  But  when,  in  addition  to  its  protective 
virtues,  jute  has  a  textile  value  which  is  one  of  the  worlcL's  great  sources 
of  fibrous  wealth,  a  neglect  to  cultivate  it  would  betray  a  culpable  in- 
difference to  the  prosperity  of  the  South.  A  partial  failure  of  th^  har- 
vest has  not  infrequently  taught  the  danger  of  a  too  great  reliance 
upon  a  single  staple.  The  planters  have  learned,  under  the  costly 
tuition  of  experience,  to  diversify  their  industries.  If  there  is  only  one 
X>roduction,  its  blight  involves  the  "farmer  in  irremediable  loss;  but  if 
there  is  a  variety  of  products,  when  one  crop  fails  there  are  still  other 
resources  to  retrieve  the  disaster.  Hence,  if  there  were  no  lands  in' 
the  South  suited  to  the  culture  of  jute  but  those  which  are  now  allotted 
to  cotton  and  sugar,  it  would  be  the  dictate  of  economic  prudence  to 
withdraw  a  proportionate  share  from  its  present  use  and  devote  it  to 
the  tillage  of  the  new  staple. 

The  movement  in  favor  of  the  proposed  industry  is  now  so  earnest 
and  widespread  that  it  cannot  stop  until  the  question  whether  jute  can 
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be  lucratively  grown  in  the  United  States  has  been  definitely  answered. 
Now,  for  the  first  time,  there  is  a  means  of  testing  the  possibility  of 
profit  by  business'  standards,  and  probably  thousands  of  planters  will 
hapten  to  try  the  experiment.  Bat,  in  order  to  avoid  disappointment, 
there  should  be  an  intelligent  concert  of  action.  The  cultivation  of 
small  quantities  of  jute  on  farms  remote  from  railroads  and  navigable 
streams  would  hardly  prove  remunerative.  Doubtless  large  estates, 
would  raise  enough  jute  to  justify  the  purchase  of  the  mechanical  con- 
veniences which  its  preparation  would  require.  The  smaller  farmers, 
whose  limited  crops  would  scarcely  warrant  the  individual  outlay,  could 
combine  and  buy  a  machine.  Seemingly  it  would  be  the  best  plan  to 
build  vats  and  factories  in  central  and  easily  accessible  places.  If  it 
were  necessary  for  each  planter  to  possess  the  costly  appliances  requi- 
site for  air  of  the  operations,  there  could  be  no  possible  profit  in  the 
business.  But,  if  the  great  bulk  of  the  jute  were  removed  by  decorti- 
cation, the  compact  masses  of  fiber  could  easily  be  sent  to  the  factory, 
and  there,  where  all  the  apparatus  for  retting  and  manu&cturing  ex- 
isted,  the  material  could  be  cheaply  handled.  By  sagacious  and  eco- 
nomical co-operation  the  planters  of  the  South  may  derive  profitable 
returns  from  the  culture  of  the  Indian  staple. 

No  vigor  of  language  can  too  earnestly  express  my  conviction  that  a 
great  industry,  productive  of  vast  opulence,  now  awaits  the  hand  of 
southern  enterprise.  The  lapse  of  time  has  only  strengthened  my  be- 
lief that  the  Southern  States  can,  by  organized  effort,  produce  a  new 
vegetable  fiber,  which,  ranking  next  to  cotton  in  value,  will  not  only 
enrich  themselves,  but  also  increase  the  textile  resources  of  the  world. 

With  a  renewed  expression  of  my  obligations  for  your  personal  cour- 
tesies,  and  with  congratulations  that  your  administration  of  the  Depart- 
ment of  Agriculture  will  witness  the  opening  of  a  plenteous  source  of 
public  wealth, 

I  am,  very  re8i>ectfully,  yours, 

S.  WATBRHOUSE. 

Washington  Univeesity, 

Saint  Louis,  Mo,y  February  15, 1883. 
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The  objects  of  tlie  preseut  article  are : 

m 

1.  To  describe  a  series  of  experiments  condacted  on  similar  plans, 
but  under  widely  varying  conditions,  by  some  hundreds  of  scientific  and 
practical  agricnltuiists  in  all  of  the  older  and  some  of  the  newer  States 
of  the  Union. 

2.  To  set  forth  the  main  results  of  these  experiments,  and  the  infer- 
ences to  be  derived  from  them. 

3.  To  suggest  plans  for  further  experiments  under  the  auspices  of  the 
United  States  Department  of  Agriculture. 

In  introducing  the  subject,  it  may  be  well  to  briefly  recapitulate  some 
of  the  main  results  of  the  experiments.  I  may  perhai)S  be  permitted 
to  quote  from  an  address  delivered  at  a  convention  held  at  the  Depart- 
ment of  Agriculture  in  January,  1882  : 

Farmers,  front  Canada  to  Texas,  are  spendiug  millions  upon  millions  of  dollars 
every  year  for  gnano,  fish  scrap,  ammoniated  ^^iiperphoHphates,  nitrate  of  soda,  and 
the  like.  Ostensibly,  they  are  bnying  the  fertilizers  at  from  $'iO  to  SlOO  per  ton.  Ac- 
tually, they  are  buying  nitrogen  -at  from  15  to  40  cents  per  pound.  But  need  the 
farmer  spend  so  much  f<u'  nitrogen  ?  Or  might  he  use  more  with  profit?  These  are 
questions  that  no  professor  of  agriculture  can  answer.  Indeed,  no  chemist  or  botanist 
to-day  can  so  much  as  tell  him  how  the  difterent  plants  he  cultivates  stand  related 
to  nitrogen,  for  what  ones  he  must  buy  it,  and  what  ones  he  may  use  in  his  rotation 
to  gather  it  from  nature's  stores  ami  furnish  it  to  him  without  money  and  without 
price  save  the  cost  of  tillage. 

The  question  of  the  nitrogen  supply  is  only  one  of  a  groat  many  whose  solution  is 
most  urgently  demanded.  We  must  know  how  to  feed  our  plants  or  go  without  food 
ourselves.  We  need  more  light.  Some  must  come  from  the  laboratory  and  the  green- 
house; some  must  be  sought  in  the  field.  * 

Five  years  ago,  while  director  of  the  Connecticut  agricultural  experiment  station, 
I  suggested  some  field  experiments  with  fertilizers  to  be  carried  out  by  farmers  for  the 
purpoee  of  studying  the  needs  of  their  soils  and  the  best  materials  to  supply  them. 
The  outgrowth  of  these,  in  the  form  of  extended  series  of  experiments  during  four 
sncces-sive  seasons,  has  been  stated  briefly  in  the  American  Agriculturist,  and,  in  more 
detail,  in  the* Reports  of  the  Connecticut  Board  of  Agriculture  for  1877, 1878,1879,  and 
1880.  The  experiments  of  1881  have  not  yet  been  published  in  detail,  but  a  few  of 
the  more  important  results  will  be  given  herewith. 

With  the  sets  of  experimental  fertilizers  were  sent  blanks  on  which  any  who  should 
choose  were  invited  to  send  reports  of  their  experiments.  Nearly  three  hundred  ex- 
periments have  been  reported.  They  come  from  colleges,  experiment  stations,  and 
individual  farmers  in  all  the  States  east  and  from  some  west  of  the  Mississippi,  and 
from  several  of  the  British  provinces.  The  quality  of  the  work,  as  indicated  by  the 
reports,  is  most  gratifying. 
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NEED   OF   MORE   INFORMATION. 

Hitherto  we  have  been  compelled  to  rely  mainly  upon  European  investigationfi  for 
our  facts  regarding  the  nutpition  of  plants  and  the  action  of  manures.  Our  informa- 
tion 18  incomplete,  and  even  the  foremost  teachers  may  give  us  wrong  cx)un8el. 

Dr.  J.  B.  Lawes,  of  Rothamsted,  England,  unquestionably  the  foremost  field  ex- 
perimenter in  the  world,  in  writing,  in  1873,  to  the  treasurer  of  the  Massachusetts 
Society  for  the  Promotion  of  Agriculture,  said:  **The  best  posni  bio  manure  for  all 
^£i;^\paceou8  crops — ^h^at,  barley,  maize  (corn),  oats,  sugar-cane,  rice,  and  pasture 
grAss-^is  a  ngi^t^rej^flsi^erphospbate  and  nitrate  of  soda.  *  *  *  Potash  is  gen- 
erally found  in  sumcTeiTf  quantities  in  soils,  and  the  artificial  supply  is  not  rcMjuired.'' 

with  corn,  and  in  nearly  all  with  potatoes,  the 
potash  salts,  and  without  potash  in  the  fertilizer 
they  have  often  failed.  The  mixture  which  Dr.  Lawes  regards  as  '^  the  best  possible 
manure  "  for  corn  was  sometimes  very  useful,  and  sometimes  brougbt  almost  no  return. 
The  potash,  which  his  experience  in  England  led  him  to  consider  supertluons.  wa« 
here,  in  many  cases,  the  most  necessary  of  all  the  fertilizing  ingredients. 

Several  years  ago  the  professor  of  agriculture  of  one  of  our  leading  agricultural 
colleges  proposed  a  series  of  formulas  for  different  crops.  With  the  rest  was  one  for 
com,  which,  with  a  moderate  proportion  of  potash  and  a  small  amount  of  phosphoric 
acid,  supplied  nitrogen  at  the  rate  of  t>4  pounds  and  at  a  cost  of  over  815  per  acre. 

Professor  Ville,  of  Frauce,  whose  theories  of  plant  luitritiou  and  for- 
malas  for  fertilizers  have  been  very  widely  published  and  followed  in 
Europe  and  the  United  States,  proposes  also  a  formula  for  com,  which 
would  cost  from  $19  to  -^27,  and  containing  at  a  cost  of  from  $o  to  $9 
per  acre,  according  to  the  kinds  of  materials  employed. 

Both  of  these  gentlemen  thus  assumed  that  to  raise  corn  successfully 
will  require  large  and  costly  supplies  of  nitro^cen.  The  question  whether 
corn  can  gather  its  own  nitrogen,  like  clover,  or  demands  an  artificial 
supply,  like  w^heat,  whether  it  is  an  •*  exhausting"  or  a  "renovating'' 
crop,  has  been  much  discussed.  Upon  its  answer  depends  the  success 
of  corn-growing  in  our  older  States.  The  experiments  referred  to  bear 
emphatic  testimony  upon  this  point.  The  corn  has  almost  uniformly 
refused  to  respond  to  nitrogen  in  fertilizers,  and  persists  in  getting  on 
well  without  any  artificial  supply.  But  it  has  been  largely  benefited 
by  phosphoric  acid,  and  often  by  potash.  The  formulas  above,  with  their 
large  and  excessively  expensive  amounts  of  nitrogen,  would,  in  nearly 
every  ca^e,  have  involved  great  waste  of  both  fertilizer  and  money. 


VARIATION^!  IN  DEMANDS!  OF  DIFFERENT  SOILJ?  FOR  PLANT-FOOD. 

Another  outcome  of  these  experiments  which  seems  to  mfe  especially 
useful,  is  found  in  the  very  forcible  illustration  they  give  to  the  diflfer- 
ences  of  soils,  as  regards  their  deficiencies  of  plant-food,  and  theeftects 
of  different  fertilizing  materials  used  upon  them.  In  some  places,  phos- 
phoric acid  ;  in  others,  potash  ;  in  others,  nitrogen  ;  in  others,  lime ; 
and  in  still  others,  several  or  all  of  these  ingredients  have  i>roven  indis- 
pensable in  fertilizers  to  seciu'e  the  growth  of  crops. 
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Mr.  W.  I.  Bartholemew,  of  Putnam,  Conn.,  has  been  condaoting  the 
experiments  for  five  years.  In  every  trial  every  plot  which  has  received 
phosphoric  acid  has  given  a  more  or  less  satisfactory  retam,  and  everyone 
without  phosphoric  acid  has  failed.  Nitrogen  and  potash  have  each  in- 
creased the  yield  of  corn,  but  neither  has  brought  enough  increase  to 
pay  its  cost,  and  the  loss  has  been  larger  or  smaller,  as  more  or  less  was 
used.  Potatoes,  on  the  other  hand,  have  responded  profitably  to  all  the 
ingredients  named. 

Mr.  C.  Sage,  of  Middletown,  Conn.,  has  had  a  very  different  experi- 
ence. The  phosphoric  acid  which  Mr.  Bartholemew  linds  so  effective 
helps  his  plants  but  very  little.  Nitrogen  proves  as  inefficient  with  hiui 
as  with  Mr.  Bartholemew.  But  potash,  which  on  Mr.  Bartholomew's 
land  had  scarely  any  effect,  proves  with  Mr.  Sage  decidedly  the  most 
effective  ingredient.  One  hundred  and  fifty  pounds  per  acre  of  muriate 
of  potash,  which  costs  Mr.  Sage  $3.50,  has  made  a  difference  betwfjen 
corn  so  poor  a«  to  be  hardly  worth  husking,  and  60  bushels  or  more  of 
excellent  shelled  corn  per  acre,  and  a  fine  growth  of  st  nlks. 

Mr.  W.  C.  Newton,  of  Durham,  Conn.,  has  a  still  ditlerent  experience. 
Potiish  is  as  useless  on  his  land  as  on  Mr.  Bartholemcw's;  phosphoric 
acid  has  no  more  effect  than  with  Mi.  Sage,  but  the  ninogeu  which  both 
the  latter  gentlemen  found  so  inefficient,  is  on  Mr.  Newton's  soil  the 
most  efficient  of  all.  Corn  responds  uniformly  and  largely  to  nitrogen 
in  every  form  and  on  every  plot  where  Mr.  Newton  has  used  it.  The 
yield  riseij  and  falls  regularly  with  the  amount  of  nitrogen  applied,  and 
the  same  results  have  been  obtained  in  different  experiments  in  different 
seasons,  in  the  same  field.  Mr.  Newton's  experience,  however,  is  <in  ex- 
ception, and  an  unusual  one. 

But  while  in  the  three  cases  above  mentioned  individual  ingredients 
were  profitable,  and  the  so-called  **  complete  fertilizers"  were  not  war- 
ranted by  the  exi)erience,  in  other  cases  all  of  the  fertilizing  ingre- 
dient* named  have  been  found  necessary,  and  the  omission  of  either  is 
followed  by  a  loss  of  produce. 

Thus  Mr.  Fairchild,  Middletown,  Conn.,  finds  the  complete  fertilizer 
most  profitable  in  every  case.  Whenever  he  omits  any  of  the  important 
ingredients  a  small  yield  result*.  Mr.  Fairchild  further  finds  that  the 
amount  and  form  of  combination  of  the  fertilizing  ingredients  are  im- 
portant matters,  and  his  experiments  are  showing  him  in  whatforms  and 
ways  they  may  be  most  advantageously  used. 

And,  finally,  there  are  many  cases  in  which  no  artificial  supply  of  plant- 
food  brings  a  profitable  return.  Some  soils  will  give  good  returns  if 
manured,  and  others,  without  previous  draining,  irrigation,  amendment 
by  tillage,  use  of  lime,  marl,  or  otherwise,  will  not. 

Artificial  fertilizers,  rightly  used,  must  become,  as  indeed  they  already 
are  getting  to  be,  among  the  most  potent  means  for  the  restoration  of 
onr  depleted  soils ;  but  we  do  not  yet  know  how  to  use  them,  and  it  is 
necessary,  not  only  that  new  facts  shall  be  learned,  but  that  those 
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already  known  sliall  be  better  understood.    For  both  these  purposes  I 
believe  the  experiments  referred  to  are  eminently  useful. 

SUGaESTIONS  FOR  EXPERIMENTING. 

With  reference  to  experiments  with  fertilizers  the  present  article 
urges  that  it  is  only  by  selecting  specific  and  narrow  questions,  and 
working  at  them  systematically  and  continuously,  that  we  shall  secure 
the  most  valuable  results.  There  has  been  too  much  firing  at  random. 
We  need  to  choose  proper  points  of  attack,  be  sure  of  our  aim,  and  con- 
<5entrate  our  fire  until  a  breach  is  made,  and  we  need  not  only  to  work 
rightly,  but  to  work  together.  Experiments  with  a  common  object,  on 
a  common  plan,  conducted  by  intelligent  and  careful  investigators  in 
different  places,  under  different  and  actually  observed  and  recorded 
conditions,  are  needed  to  bring  the  results  which  scientific  agriculture 
so  prfessingly  demands. 

I  have  ventured  to  add  further  two  suggestions ;  the  first,  and  a  per- 
fectly obvious  one  is,  that  to  get  the  most  complete  results,  we  need— 

I.  Field  experiments,  to  include — 

a.  The  culture  of  plants  on  plots  of  land  treated  with  different  ma- 
nures, and  careful  weighings  and  measurements  of  produce. 
6.  Where  practicable,  chemical  and  physical  studies  of  the  soil. 
<?.  In  many  cases,  chemical  analyses  of  the  plants. 

II.  Pot  experiments,  in  which  the  conditions  can  be  definitely  known 
tind  controlled,  and  the  needed  studies  of  soil  and  plants  be  carried  out 
with  equal  or  greater  convenience  and  accuracy. 

The  second  is,  that  there  ought  to  be  in  the  various  sections  of  the 
country  chemical  and  physical  surveys  of  the  land  in  the  behalf  of  agri- 
culture, as  there  have  been  topographical  and  geological  surveys  in  the 
behalf  of  other  industries  and  interests.  And  in  fact  this  is  precisely 
the  direction  in  which  we  are  tending  in  this  experimental  work. 

PLAN  OF  THE  PRESENT  ARTICLE. 

In  this  attempt  to  collate  and  set  forth  the  results  of  the  work  of  so 
many  intelligent  and  earnest  experimenters,  it  has  been  necessary  to 
omit  much  material  that  would  have  been  of  interest  had  we  space  for 
its  description,  and  to  condense  as  much  as  possible  the  accounts  that 
are  given.    The  arrangement  of  topics  is  in  brief  as  follows : 

1.  Explanations  of  special  experiments  upon  the  question  of  the  ni- 
trogen supply. 

2.  Explanations  of  so-called  general  experiments. 

5.  Notes  upon  individual  experiments. 
4.  General  discussion  of  experiments. 
-5.  Results  and  practical  applications. 

6.  Plans  for  co-operative  experiments. 

2.  The  details  of  results  in  the  form  of  tables,  &c.,  in  the  appendix. 
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EXPERIMENTS  UPON   NITROGEN  SUPPLIES. 

The  experiments  of  which  it  is  proposed  to  give  an  account  here  are 
80  numerous  tliat  detailed  descriptions  of  the  work  of  individual  ex- 
perimenters, except  in  a  few  cases,  would  be  hardly  pra(.*ticable.  I  will 
therefore  attempt  to  group  them  in  three  classes,  and  describe  the  sev- 
eral classes  separately : 

1.  Special  nitrogen  experiments,  including  a  number  which  have  had 
for  their  object  the  study  of  the  feeding  capacities  of  plant^s,  with  esj)e- 
cial  reference  to  the  nitrogen  supply. 

2.  General  experiments  which  were  proposed  primarily  for  testing  the 
wants  of  soils  and  croi)s  and  the  best  means  of  supplying  them;  but 
which,  being  on  a  common  plan  and  large  in  number,  likewise  afford 
data  of  great  value. 

3.  Other  experiments,  on  plans  wiiich,  though  different  from  the 
above,  are  sufiicieutly  similar  to  them  to  allow  of  comparison. 

These  have  been  performed  by  a  number  of  professors  in  agricultural 
colleges,  and  intelligent,  ])ractical  farmers  in  several  States.  The 
specific  questions  upon  which  information  is  sought  in  the  experiments 
may  be  stated  thus : 

1st.  How  do  the  plants  experimented  with  get  on  with  the  ''min. 
eral"  fertilizers,  such  as  are  supplied  by  superphosphates  and  potash 
salt«  f 

2d.  More  especially,  how  do  they  respond  to  nitrogen  when  added,  in 
different  forms  and  amounts,  to  the  mineral  fertilizers  f 

3d.  And,  finally,  what  inferences  may  we  draw  as  to  the  feeding  ca- 
pacities of  the  plants,  their  power  to  gather  their  food  from  soil  and 
air,  and  the  effects  of  different  materials  upon  their  growth,  especial 
reference  l>eing  made  to  the  nitrogen  supply  H 

For  the  systematic  study  of  these  questions  a  special  *'  nitrogen  ex- 
periment" was  devised  in  1878,  and  conducted  by  several  gentlemen. 
Similar  series  were  repeated  in  1879,  and  with  some  variations  in  1880. 
The  plan  and  purpose  of  the  experiments  are  set  forth  in  the  following 
statements  from  a  four-page  circular,  which  was  sent  to  the  experi- 
menters of  1881,  similar  ones  having  been  prepared  for  those  of  previous 
years.* 

*  In  the  tabular  statements  of  results  of  the  experiments  (Appendix,  Tables  I,  II, 
and  III),  some  difi'erences  will  be  noticed  between  the  schedules  of  1H81  and  those  of 
the  previous  seasons. 

In  the  experiments  of  18dl  nitrogen  is  supplied  in  Group  IV  as  ammonia,  and  in 
Gronp  V  as  organic  nitrogen,  while  in  the  experiments  of  1878  and  1880,  as  may  be 
seen  ui  Table  I,  the  nitrogen  is  supplied  in  Group  IV  as  '^  nitrogen''  mixture,  and 
in  Gronp  V  in  other  forms.  A  further  difference  is  found  in  Group  V,  which,  in 
1878  and  1880,  supplied  the  nitrogen  as  a  two- third  ration,  but  in  1881  in  varying 
quantities. 

Another  year*s  experience  has  suggested  some  slight  changes  in  the  quantities  of 
phosphoric  acid  and  potash,  the  former  being  somewhat  increased  and  the  latter  di- 
miniflhed,  as  will  be  seen  by  reference  to  the  schedule  of  special  nitrogen  experi- 
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SPECIAL  EXPERIMENTS  FOR  NITROGEN  TESTS,  1881 — EXPLANATIONS- 

The  object  of  this  experiment  is  to  test  the  effects  of  mtrogenous 
fertilizers  in  different  amoants  and  combinations  apon  the  growth  of 
the  plant,  and  inferentially  its  capacity  to  gather  its  nitrogen  from  nat- 
ural sources. 

The  fertilisers, — The  ingredients  and  amounts  are  such  as  are  used 
in  ordinary  practice,  phosphoric  acid  and  potash  being  supplied  in 
about  the  proportions  that  occur  in  a  corn  crop  of  fifty  or  sixty 
bushels,  and  nitrogen  in  one-third,  two-thirds,  and  full  amount  in  same 
crop. 

Forma  of  nitrogen, — The  nitrogen  is  supplied  as  nitric  acid  in  nitrate 
of  soda ;  as  ammonia  in  sulphate  of  ammonia,  and  as  organic  nitrogen 
in  dried  blood. 

Quantities  of  nitrogen. — The  nitrogen  is  applied  at  the  rate  of  24 
pounds  per  acre  in '* one- third  ration";  48  pounds  per  acre  in  •'two- 
thirds  ration";  and  72  pounds  per  acre  in  **full  ration/' 

Arrangement  of  plotfi  and  fertilizers, — The  ingredients  are  supplied 
as: 

T>  ^-  !/•    ♦r         S  GroupI,Nos.  1-3.  Each  by  itself.  )  Thus  testing  the  effectsof  in- 
Partialfoi tihzers.  j  ^^^^^P  j'j   ^^^  ^_^.^    ^^^.^^  l^^  ^^,^^   J     fZftTof  ^ ^    ^  ^*' 


'  Group  III,  No8. 7-9.  Nitrogen  as  nitric '^ 


Comp]etf  fertilizers.  < 


acid  in  nitrate  of  soda. 
Group  IV,  Nos.   10-12.  Nitrogen  «a6  I  Nitrogen  in  one-third, 

ammonia  in  sulphate  of  ammonia . .  f   two-thirds,  fnll  ration. 
Group  V,  Nos.  13-15.  Nitrogen  as  or-  I 

ganic  nitrogen  in  dried  blood J 


ments  in  the  chapter  beyond  on  proposed  plans  for  co-operative  experiments.  It 
seems  to  me  that  this  latter  schedule  and  that  of  1882,  in  the  light  of  past  ex- 
perienoOj  is  well  adapt.ed  to  its  purpose,  and  will  very  likely  be  continued  for  some 
time  to  come. 
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EXPERIMENTAL  FERTILIZERS — SPECIAL  NITROGEN   SET,  1881. 
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Nitrate  of  sodii  

Saperphtisphate 

Mariate  ox  potaHb 

C  Nitrate  of  soda 

I  Saperphnsphate 

(  Nitrate  of  soda 

)  Muriato  of  potash 

{li-u^siTte  I  «-«'"-"'•' { 

^  Mixed  minends.  as  No.  6 

/  Nitrate  of  soda 

^  Mixed  mineral*,  an*  No.  6 

'(  Nitrat*'  of  soda 

<  Mixed  minerulM,  as  No.  C , 

)  Nitrate  of  aoda 

<  Mixed  minenilH,  as  No.  6 

)  Salphat**  of  aniiiionia 

5  Mixed  mioei-ais,  a8  No.  G ' 

i  Sulphate  of  ammonia 

(  Mixed  mineralH.  aK  No.  C 

(  Stilphaie  of  ammonia 

5  Mixwl  luinerals,  as  No.  ti 

\  Dried  bloo<l I 

<  Mix*»d  miDeral?.  as  No.  6 

\  Dri«'d  blood 

^  MixcHi  miueralB,  as  No.  G 

I  Dried  blood         

s^riSeT^rM' «-«>■»--'- \ 

JS;!;SS^Kh|Mixedmi„.r.U {' 

( Snperphosniiate  -  >  >«  •      i       •         i  < 

i  Muriato  of  potash  >^'^^^  miDeralb \ 
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15 

No».  6a,  62r.  and  6c  are  simply  duplicates  of  mixed  niinei;als  No.  6. 

This  schedule  i)rovides  for  twenty  plots,  of  which  two  are  iiumanure'dy 
and  eighteen  supplied  with  the  experimental  fertilizers. 

No.  6,  the  mixture  of  superphosphate  and  muriate  of  potash,  is  desig- 
nated as  "  mixed  minerals."  This  is  duplicated  in  Nos.  6€(,  66,  and  6o. 
The  same  miiture  forms  the  basis  of  Nos.  7  to  15,  inclusive,  which  con- 
sist of  **  mixed  minerals,"  with  the  addition  of  nitrogen  compounds. 

The  fertilizers  were  supplied,  in  part  at  cost  and  in  part  gratuitously, 
by  the  Mapes  Formula  and  Peruvian  Guano  Compjiny,  to  whose  interest' 
and  enthusiasm  in  promoting  the  experiments  especial  thanks  are  due» 

Each  set  of  experimental  fertilizers  was  accompanied  by  directions 
for  use  (see  above)  and  a  blank,  on  which  the  experimenters  were  re- 
quested to  record  their  observations  and  the  results  obtained. 

The  blanks  were  sheets  of  paper  12  by  19  inches  in  size,  with  spaces 
for  numerous  details  as  to  soil,  weather,  culture,  produce,  &c.  The 
details  provided  for  were  very  similar  to  those  set  forth  in  the  report  of 
the  experiments  by  Mr.  Atwood,  in  the  chapter  beyond,  on  the  subject 
of  general  experiments.  The  general  plans  and  directions  for  the  ex- 
periments are  the  same  as  set  forth  in  the  chapter  on  plans  for  co-oper- 
ative experiments  beyond. 
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The  following  is  a  list  of  experimenters  and  experiments  on  the  above 
schedules  reported  to  the  writer.  Some  others,  notably  one  by  Prof.  H.  C. 
White,  of  the  College  of  Agricultural  and  Mechanic  Arts,  and  the  Ag- 
ricultural Experiment  Station  at  Athens,  Ga.,  were  not  reported,  having, 
^s  1  understandj  been  so  injured  by  drouth  and  accidents  as  to  make 
their  publication  less  desirable : 

A.  1878. — Prof.  J.  R.  Farrington,  Maine  Agricultural  College.  Orono.     Com. 

B.  1878.— W.  I.  Bartholkmew,  Putnam,  Conn.     (orn. 

C.  1879,  VO,  and  'dl. — As  above.     Corn  and  jwtalocSy  side  by  side. 

D.  1878. — Chester  Sa(;e,  Middietown,  Conn.     Corn. 

E.  1879. — As  above.     Corn. 

F.  1879. — Col.  J.  B.  Mkad,  Kandolpb.  Vt.,  under  tlie  auspices  of  the  University  of 
Vermont  and  State  Agricultural  College.     Corn. 

G.  1880. — Prof.  W.  H.  Jordan,  Maine  Agricultural  College,  Orono.     Com. 
H.  1880.— Edward  IIicks,  Old  Westbury  (L.  I.),  N.  Y.     Corn. 

I.  1880. — Charles  Faikchild,  Middietown,  Conn.     Corn. 

J.  1881. — As  above.     Oata  and  potatoes,  side  by  side. 

K.  1880.— William  C.  Xewton,  Durbam,  Conn.     (oi-n.  • 

L.  1881. — As  above.     Corn. 

M.  1881.— Prof.  C.  L.  Ingersoll,  Purdue  I'niversity,  La  Fayette,  Ind.  Com  and 
jpotuio^Bf  side  by  side. 

N.  1881, — C.  E.  TflORXE,  Ohio  State  University,  Columbus,  Ohio.     Corn. 

O.  1881.— J.  W.  Pierce,  West  Millbury,  Mass.     Corn. 

P.  1881.— Edward  Hicks,  Old  Westbury,  N.  Y.     Corn. 

Q.  1881. — Prof.  Samuel  Johnson,  Michigan  Agricultural  College,  Lansing,  Mich. 
Com, 

R.  1881.— Prof.  W.  C.  Stubbs,  Alabama  Agricultural  and  Mechanical  College,  Au- 
burn, Ala.     Cotton. 

8.  1881. — ^J.  M.  Manning,  Taunton,  Mass.     Clover. 

The  main  results  of  the  special  nitrogen  experiments  are  stated  in  the 
appendix  tables  I,  II,  and  III.  Details  of  the  reports  are  also  given  m 
the  appendix. 

The  following  account  of  Mr.  Fairchild's  experiments  in  1881  with  oats 
and  potatoes  will  serve  to  illustrate  the  plan  and  results. 

It  will  be  noticed  that  the  arrangement  of  the  groups  with  the  nitro- 
genous fertilizers  is  slightly  different  from  that  mentioned  above.  The 
experiments  were  commenced  in  1879,  and  on  a  schedule  which  has  been 
slightly  altered  for  the  experiments  of  succeeding  years,  as  already  ex- 
plained. 
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Before  discussing  these  special  experiments,  a  description  of  the  other 
experiments  will,  perhaps,  be  in  place. 

GENERAL  EXPERIMENTS. 
SOIL  TESTS  WITH  FERTILIZERS. 

While  director  of  the  Connecticut  Agricultural  Experiment  Station 
some  years  since  the  writer  was  in  constant  receipt  of  questions  like 
the  following,  nor  have  they  since  ceased  to  come: 

I  have  a  piece  of  old  land  that  has  been  somewhat  worn  down  by  a  number  of 
years'  cropping.  It  is  such  and  such  a  kind  of  soil,  has  been  treated  so  and  so,  andl 
want  to  get  such  a  crop,  and  at  the  same  time  bring  it  into  good  condition.  My  sup- 
ply of  stable  manure  is  short.  Will  it  pay  for  me  to  try  guano,  or  superphosphat'C,  or 
potash  salts  t  Will  you  be  kind  enough  to  give  me  a  proper  formula  for  a  fertilizer 
for  corn  f 

Unable,  of  course,  to  answer  the  inquiries  I  suggested  some  experi- 
ments by  farmers  for  the  purpose  of  learning  which  of  the  more  costly 
ingredients  of  fertilizers  were  demanded  by  their  soils  and  crops,  and 
how  they  could  be  mribt  economically  supplied. 

The  purpose  of  the  experiments  is  stated  in  the  following  extract  from 
the  report  of  that  station  for  1870: 

One  of  the  fundamental  results  of  the  vast  amount  of  work  done  in  field  experi- 
ments with  fertilizers  is  the  clear  demonstration  that  soils  vary  greatly  in  their 
capabilities  of  supplying  food  to  crops,  that  different  ingredients  are  deficient  in  differ- 
ent soils,  and  that  the  teachings  of  any  given  experiment  are  in  the  main  applicable 
only  to  the  particular  kind  of  soil  on  which  it  is  made. 

For  farmers  who  have  not  their  own  experience,  or  that  of  others  in  like  circum- 
4rtances,  to  guide  them,  the  most  sensiblt^  method  for  determining  what  are  the  defi- 
ciencies of  their  soils,  and  how  they  will  be  the  most  economically  supplied  to  given 
crops,  is  to  try  experiments  on  a  small  scale  ;  to  put  the  question  to  the  soil  with  dif- 
ferent fertilizing  materials  and  oi)tain  its  reply  in  the  crops  produced. 

This  is  no  new  idea.  It  has  been  urged  again  and  again  by  the  leading  agricultural 
chemists  in  this  country  and  in  Europe.  Stoeckhardt,  Knop,  and  Wolff,  in  Germany, 
Ville,  in  France,  Voelcker,  in  England,  and  Johnson,  in  this  country,  have  ail  not  only 
nrged  upon  farmers  the  im]>ortance  of  such  exp<^riment«,  but  given  specific  suggestions 
for  conducting  them. 

The  report  of  the  Connecticut  Board  of  Agriculture  for  1877  contains 
^n  account  of  a  number  of  field  experiments  with  fertilizers  made  in 
accordance  with  this  suggestion.  At  the  request  of  the  American  Agri- 
xsulturist,  plans  for  similar  experiments,  with  such  alterations  as  ex- 
perience had  suggested,  were  drawn  up  and|i»roposed  by  that  journal  to 
its  readers  in  the  spring  of  1878.  At  the  same  time  the  University  of 
Vermont  and  State  Agricultural  College  and  the  Maine  State  College 
•of  Agriculture  and  Mechanic  Arts  introduced  similar  field  trials,  the 
latter  upon  its  own  farm,  the  former  through  the  agency  of  a  number 
of  leading  farmers  of  Vermont.  The  American  Agriculturist  not  only 
proposed  the  experiments  to  its  readers,. but,  with  the  hearty  co  oper- 
ation of  several  prominent  dealers  in  fertilizers,  arranged  to  provide  the 
materials  at  prices  just  covering  the  cost.     With  each  lot  of  fertilizers 
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were  sent  explanations  and  directions  for  the  experiments,  and  blanks 
on  which  such  of  the  experimenters  as  might  care  to  take  the  needed 
trouble  were  requested  to  report  the  results. 

The  experiments  have  been  made  from  Maine  to  Kansas,  and  from 
Canada  to  Florida.  The  total  number  I  have  no  definite  means  of  learn- 
ing. Between  250  to  300  reports,  however,  have  been  sent  to  me  for 
examination.  As  an  application  of  science  to  farming  by  practical  men 
who  get  their  li\ang  by  the  labor  of  their  brains  and  hands,  and  who 
have  not  only  found  in  them  a  means  of  testing  the  needs  of  their  soils 
and  the  ways  of  supplying  them,  but  have  also,  by  working  together  on 
a  common  plan,  made  an  important  addition  to  the  sum  of  our  knowl- 
edge of  the  way  in  which  soils  fiirnish  plant  food,  and  plants  use  it, 
and,  what  seems  to  me  of  more  importance,  have  thus  been  able  to  make 
their  farming  more  a  labor  of  the  mind  than  the  hands.  The  work  has 
been,  I  feel,  of  the  greatest  usefulness. 

In  explaining  the  details  of  plans  and  experiments,  I  quote,  with 
some  alterations,  from  one  of  the  reports  referred  to : 

PIRPOSK    AND   PLAN   OF   THE    KXPKRIMKNJrt.  ^ 

The  oHtensible  object  of  these  experinieDta  was  to  work  upou  tarry  ere'  soil».  Under- 
neath this  lay,  in  my  own  thought,  a  deeper  purpose  to  work  upon  their  owners' 
minds.    And  in  this  regard  especially,  the  outcome  has  been  most  gratifying. 

The  vast  amount  of  work  done  in  field  experiments  with  fertilizers  has  clearly 
demonstrated  the  facts  that  : 

1.  Soils  vary  greatly  in  their  capabilities  of  supplying  food  to  crops.  Difl'erent 
ingredients  are  deficient  in  diftert*nt  soils. 

2.  Soils  fail  to  furnish  enough  food  to  crops,  not  mo  much  because  they  have  not 
abundant  stores,  as  because  the  materials  are  not  in  available  forms. 

3.  neficieucies  in  many  Hoils  are  due  more  to  their  physical  condition,  their  texture 
and  relations  to  heat  and  moisture,  and  to  the^r  lack  of  absorptive  power,  the  power 
to  hold  plant  food  and  not  allow  it  to  be  leached  away  beyond  the  reach  of  the  roots 
of  the  plants,  than  to  their  lack  of  plaut  food.  Such  soils  want  amendments  first 
and  fertilizers  afterwards.  Tillage  improves  the  mechanical  condition  of  the  soil, 
while  it  also  aids  in  rendering  plant  food  available. 

4.  The  chief  office  of  fertilizers  is  to  supply  the  plant  food  which  crops  need  and 
aoils  fail  to  furnish. 

5.  Bat  the  indirect  action  of  fertilizers  in  improving  the  mechanical  condition 
of  the  soil,  increasing  its  absorptive  power,  and  rendering  its'  stores  of  plant  food 
available,  is  often  of  much  more  consequence  than  their  direct  action  in  supply- 
ing plant  food.  Hence  cheap  materials,  like  lime  and  plaster,  are  often  more  profit- 
able than  farm  manures  or  artificial  fertilizerH. 

6.  Plants  vary  greatly  with  respect  to  their  capabilities  for  gathering  their  food 
from  soil  and  air.  Hence  the  proper  fertilizer  in  a  given  case  depends  upon  the 
crop  as  well  as  upon  the  Hoil. 

7.  It  may  be  regarded  as  pretty  well  settled  that  the  only  ingredientH  of  plant 
food  which  we  need  to  consider  in  commercial  fertilizers  are  potashj  limej  magnesia^ 
phosphoric  acidj  sulphuric  acidj  and  nitrogen.  Of  this  list  the  magnesia  is  commonly, 
though  not  always,  supplied  in  sufficient  quantities  in  even  **  woru-out"  hoIIs.  Some- 
times its  presence  in  fertilizers  may  be  of  considerable  importance  to  crops.  Sul- 
phuric acid  and  lime  are  more  often  deficient,  aud  hence  one  reason  of  the  good 
effect  so  often  observed  from  tho  application  of  lime  and  plaster.  The  remaining 
^hetSknceSyihephoaphoHcavidj  nitrogen y  and  potojth,  are  the  most  important  ingredi- 
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ents  of  our  common  commercial  fertilizers,  because  of  both  their  scarcity  in  the  soil 
and  their  high  cost.  It  is  in  supplying  these  that  guano,  phosphates,  bone  maaures, 
potash  salts,  and  most  other  commercial  fertilizers  are  chiefly  useful. 

6.  It  is  not  good  economy  to  pay  high  prices  for  materials  which  our  soils  may 
themselves  furnish,  but  it  is  good  economy  to  supply  the  lacking  ones  in  the  cheap- 
est way. 

9.  The  only  way  to  learn  what  materials  are  proper  in  a  given  case  is  by  observa- 
tion and  experiment.  The  rational  method  for  determining  what  ingredients  of  plant 
food  a  soil  fails  to  furnish  in  abundance,  and  how  these  lacking  materials  can  be 
most  economically  supplied,  is  to  put  the  question  to  the  soil  with  different  fertiliz- 
ing materials  and  get  the  reply  in  the  crops  produced. 

10.  The  results  of  any  given  experiment  are,  in  the  main,  applicable  only  to  the 
particular  case  where  it  is  made. 

11.  A  single  season's  experimenting  does  not  tell  the  whole  story.  To  get  complete 
results  the  trials  must  be  carried  through  a  series  of  years  and  crops. 

To  test  the  needs  of  the  soils  with  respect  to  the  chief  ingredients  of  chemical  fer- 
tilizers, phosphoric  acid,  nitrogen,  and  potash  was  the  special  and  the  action  of  dif- 
ferent fertilizing  materials  the  general  object  of  these  experiments. 

THE  FERTILIZERS  USED   IN   THE  EXPERIMENTS. 

Fertilizing  materials  were  chosen  which  contain  nitrogen,  phosphoric 
acid,  and  potash,  in  forms 'shown  by  general  experience  to  be  appro- 
priate and  advantageous  for  use,  to  wit: 

Nitrate  of  soda,  to  furnish  nitrogen. 

Superphosphate,  to  furnish  phosphoric  acid  (with  sulphuric  acid  aod 
lime).^ 

Muriate  of  potash,  to  furnish  potash. 

Land  plaster,  to  furnish  sulphuric  acid  and  lime. 

The  several  materials  in  small  bags  were  put  up  in  sets.  One,  called 
"  acre  set,''  contained  ingredients  as  below  : 

FERTILIZING  MATERIALS. 

ACRE  BET. 


A 
B 
C  . 

D 
E 
F 

G 
H 


Khid. 


Nitrate  of  soda 

Dissolved  bone  black. . 
Mnriate  of  potaah 

<  Njtrate  of  soda 

{  Dissolved  bone  black. 

<  Nitrate  of  soda 

}  Mnriate  of  potash 

C  DisHolved  bone  black. 

\  Muriate  of  potash 

^  Nitrate  of  Hoda 

<  Dissolved  bone  black . 

(  Muriate  of  potash 

Plaster 


a 


Valuable  ingredients. 


I 


I 


20 
30 
20 
15 
30 
15 
20 
30 
20 
15 
30 
20 
20 


Nitrogen 

Phosphoric  acid 

Potash 

Nitrogen   

Phosphurio  acid 

Nitrogen 

Potash 

Phosphoric  aoid . 

Potash 

Nitrogen 

Phospnoric  acid 
Potash 


I 


Pere»L 
15 
15 
50 

5 
10 

6.42 
28.57 

0 
20 

3.4< 

e.98 
15.38 


The  contents  of  each  bag  of  the  ^*acre  set"  were  intended  for  a  plot 
one-tenth  of  an  acre.  The  eight  »plots  thus  fertilized,  with  two  unman- 
ured,  thus  make  one  acre.    This  '*  acre  set"  was  furnished  for  $8.30. 


FIELD   EXPERIMENTS   WITH    VARIOUS   FERTILIZERS. 


17 


Another  "  half  acre  set"  contained  similar  materials,  but  in  half  above 
amoantSy  was  also  supplied  at  a  cost  of  $5.  The  "  acre-set"  was  most 
strongly  recommended,  and  was  used  by  the  majority  of  experimenters. 
Later  experience,  however,  has  led  me  to  question  whether  for  ordinary 
formers,  the  smaller  experiments  with  plots  of  one-twentieth  instead  of 
one-tenth  acre,  are  not  preferable.  Another  outcome  of  the  experience 
has  been  a  slight  modification  in  the  quantities  of  the  materials,  and  in 
the  increase  of  phosphoric  acid  and  decrease  of  nitrogen  and  potash,  as 
will  be  explained  later  on.  These  set's  furnished  materials  in  amounts, 
and  at  costs  per  acre,  as  below.  The  costs  are  reckoned  at  market 
prices,  with  an  addition  of  $5  per  ton  for  freight  and  handling.  Of 
course  the  prices  fluctuate  materially,  so  that  these  could  not  be  taken 
as  a  standard : 

EXPERIMENTAL  FERTILIZERS. 


a 


A 
B 
C 

D 
8 
P 

6 
H 


Fertilizer  used. 


Kind. 


u 

& 

'•31 

Ah 


Nitrate  of  0oda 

Diaeolved  bone  black. . 
Muriate  of  potasb 

<  Nitrate  of  aoda 

{ Dissolved  bone  black. 

(  Nitrate  of  soda 

( Muriate  of  potash  — 
(  Disaolved  bone  black . 

\  Muriate  of  potash 

(Nitrate  of  soda 

<  Dissolved  bone  black. 
(  Muriate  of  potash  . ... 
Plaster 


200 
300 
200 
160) 

300  5 
150) 

200  5 
300) 

2005 
150) 
800> 
200) 
200 


$75  00 
35  00 
45  00 

48  40 
58  00 

39  00 


8  00 


Famishing  yalaable  ingredients. 


« 
P.    . 

o 


Emd. 


$7  50  I  Nitroffen 

5  25  I  Phoepnoric  acid  . 

4  50     Potash 

ifl  M  iyNitroeen 

IQ  M  ,  J  Phosphoric  acid 

5  Nitrogen 

)  Potash. 


10  18 


9  75 


Phosphoric  acid 


47  32       15  38 


80 


i  Potash 

(Nitrogen 

<  Phospaorio  acid . 
^Potash 


I 

11 
S 


16.0 
16.0 
50.0 

5.3 
10.7 

6.6 
28.6 

9.6 
20.0 

8.7 

7.4 
15.4 


I 


e 


i 

Pi 


32.0 
48.0 

100.0 
24.0 
48.0 
24.0 
10.0 
48.0 

100.0 
24.0 

4ao 

100.0  I 


u 
« 

Pi 


£ 


4-   W 

O 


$7  50 
5  25 


4 
5 
5 
5 

4 
5 
4 
5 


50 
63 
25 
63 
50 
25 
50 
68 


5  25 

4  50 

80 


The  following  is  a  reprint  of  a  circular  giving  directions  for  the  ex- 
periments : 

DIRECTIONS  FOR  THE  EXPERIMENTS. 

"  What  is  worth  doin^^  is  worth  doing  well."  Yoa  wish  to  learn  something  of  value 
&r  yoarself  and  do  something  that  will  be  useful  to  others  also.    To  this  end,  note : 

Tkt^*- condensed  direotioM.^* — Take  the  slip  bearing  these  in  your  pocket  when  you 
go  to  lay  out  the  experiment,  and  read  it  on  the  ground. 

The  blank  far  report, — Look  this  over  while  the  crop  is  growing,  think  what  it  asks 
for,  make  up  your  mind  how  to  collect  the  facts  (it  will  be  well  to  get  a  little  five- 
cent  blank-book  for  notes  to  be  made  during  the  summer) ;  if  you  can  improve  the 
plan  do  so,  and  accept  thanks. 

Don't  say  this  is  too  much  or  too  hard  for  you  to  do.  The  season  is  before  you. 
Ton  cannot  use  the  time  and  mental  effort,  and  really  not  a  great  deal  of  either  is  re- 
<inired,  to  better  purpose. 


EVBRYTHIXG  IX  ORDER    BEFORE  STARTING. 

1.  Have  your  plans  complete  and  clearly  in  mind,  and  everything  ready  before  yoa 
start.    Proper  plans  at  the  outset;  uniform  soil  for  all  the  experiments,  and  poor  or 
7709 2 
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"worn-out''  soilB  for  the  soil  tests;  plots  of  proper  size,  shape,  and  accurately  laid 
out;  right  application  of  the  fertilizers;  good  seed;  careful  measurement  of  crops ; 
full  notes  of  details;  and  careful  observation  of  the  effects  of  the  fertilizers  on  sue- 
oeeding  crops,  are  essential  to  the  best  results. 

SELECT   UNIFORM  SOIL. 

2.  Select  soil  as  nearly  uniform  in  quality  as  possible.  There  will  be  more  or  less 
Tariation  in  different  parts  of  the  same  field  at  best.  The  less  there  is  of  this  the 
more  reliable  will  be  the  experiments.  Level  land  should  be  chosen  if  practicable^ 
but  if  it  be  sloping,  let  the  plots  run  up  and  down  the  ascent  so  that  any  wash  by 
rains  will  not  transfer  the  materials  from  one  plot  to  another.  Of  course  the  portion 
chosen  for  experiment  should  be  a  fair  sample  of  the  whole  field. 

"worn-out"  soils  for  soil  tests. 

■ 

3.  For  sail  teste  select  poor  or  **  worn-out"  soils.  You  want  to  learn  what  the  soil 
itself  can  do  by  its  own  natural  strength,  not  what  it  will  do  with  the  aid  of  a  store 
of  plant  food,  which  has  been  either  accumulated  by  natural  processes  or  left  over 
from  previous  manuring,  and  will  obscure  the  action  of  the  fertilizers. 

LAY  out  plots  ACCURATELY. 

4.  Lay  out  the  whole  experimental  area  and  the  individual  plots  as  accurately  as 
you  can.  Measure  with  chain  or  tape,  if  you  have  it,  otherwise  with  pole  marked  in 
feet  and  inches.  Drive  good,  strong  stakes  firmly  into  the  ground  at  the  boundaries 
so  that  yon  may  be  able  to  tell  in  this  and  coming  seasons  where  the  divisions  are. 
Don't  let  the  stakes  get  knocked  over  or  plowed  up. 

LONO    narrow    plots. 

5.  Make  the  plots  as  long  as  practicable,  so  as  to  compensate  as  far  as  possible  for 
the  unevenness  of  the  soil.  To  this  end  let  the  whole  area  be  as  long  and  narrow  as 
convenient,  and  the  plots  run  lengthwise  through  it.  If  the  seed  is  to  be  planted  in 
rows  the  length  can  be  adapted  to  the  distance  of  the  rows  apart.  If  this  space  is  less 
than  two  and  one-half  feet  an  unman n red  row  had  better  be  left  between  each  two 
strips.  In  general,  an  unmanured  strip  at  least  two  or  three  feet  wide  should  be  left 
between  each  two  plots,  so  as  to  prevent  the  crop  of  one  £rom  being  affected  by  ths 
manure  of  another.* 

If  the  soil  is  even,  small,  short  plotw  will  do.  But  generally  it  will  not  be  even, 
and  long  strips  are  therefore  safer.  A  good  plan  is  to  have  the  whole  area  six  times 
as  long  as  it  is  wide.  For  an  area  of  one  acre,  32  by  5  rods  (==  160  rods)  will  make  the 
length  Just  about  six  times  the  width.  The  ten  plots  of  one-tenth  acre  would  thus 
bo  each  32  rods  by  i  rod.  See  "  condensed  directions"  for  figures  for  calculating  di- 
mensions of  plots. 

FERTIUZER6  WELL  DIFFUSED  THROUGH  SOIL. 

6.  The  fertilizers  may  be  applied  broadcast,  or  if  more  convenient,  they  may  be  put 
in  the  hill  or  drill,  provided  they  are  well  diffused  through  the  soil.  To  accomplish  this, 
they  had  better  be  diluted  with  several  times  their  bulk  of  earth  before  using.  The 
important  points  are,  that  they  be : 

1st.  Applied  evenly  over  the  plots  where  they  belong  and  not  allowed  to  get  out- 
side.   

'With  corn,  either  leave  one  unmanured  row  between  each  two  plots  or  cultivate 
between'"the  rows  deep  enough  to  cut  the  roots  and  prevent  them  from  feeding  on 
their  neighbors'  fertilizers.  This  "  intercultural  tillage  "  will  do  no  harm  and  may 
be  a  decided  benefit. 
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2d.  WeU  distributed  tbroagh  the  soil. 

Experiments  with  concentrated  fertilizers  are  often  spoiled,  just  as  crops  are  in- 
jured or  lost  through  wrong  application.  Farmers  are  apt  to  think  the  manure  mast 
be  put  close  to  the  seed  or  the  plant  will  not  get  the  benefit  of  it.  This  is  wrong. 
It  is  not  the  just  germinated  plantlet  that  needs  the  manure,  but  the  plant,  from 
the  time  it  is  well  started  until  its  growth  is  done.  We  want,  not  only  to  give 
the  crop  a  good  start,  but  to  help  it  out  on  the  home  Htretch  as  well.  The  roots 
and  their  branching  rootlets  run  out  in  all  directions  in  search  of  food,  and  the  fer- 
tilizers ought  to  be  where  as  many  of  the  rootlets  as  possible  can  get  at  them.  If  we 
distribute  the  fertilizers  as  well  as  we  can,  the  water  in  the  soil,  aided  by  the  chemi- 
cal and  physical  forces  that  nature  keeps  in  operation,  will  do  the  rest.  In  illustra- 
tion of  this,  remember  how  well  barn- manure  acts  when  applied  as  a  top-dressing 
long  before  the  seed  is  put  in. 

But  if  we  concentrate  the  fertilizers  in  one  place,  fewer  roots  wiU  get  them,  and 
these  may  be  injured  by  coming  in  contact  with  them  or  with  their  concentrated  so- 
lutions in  the  soil.  The  roots  will  find  their  way  to  the  manure  and  develop  more 
where  it  lies,  it  is  true ;  still  we  should  not  oblige  them  to  huddle  together  in  one 
place,  but  should  rather  encourage  them  to  spread  around,  where,  with  the  Increased 
«  capacity  the  fertilizer  gives  them,  they  can  get  the  more  from  the  soil.  Roots  join 
with  other  natural  agents  in  rendering  inert  stores  of  plant  food  available. 

Above  all,  do  not  let  the  fertilizers  come  too  close  to  the  seed.  A  coarse,  dilute  ma- 
terial like  yard  manure  may  do  the  plants  no  harm,  but  such  concentrated  fertilizers 
as  potash  salts,  dried  blood,  or  high  grade  superphosphates  may  kill  them. 

Since,  in  these  experimeuts,  it  is  particularly  important  that  the  effect  of  each  fer- 
tilizer be  fairly  testecl,  it  would  be  well  to  mix  ihem  with  three  or  four  times  their  hulk  of 
nellmr  earth  before  applying.  If  the  latter  is  rich  in  vegetable  mold,  so  much  the  bet- 
ter. Moist  sawdust  may  be  used  in  place  of  the  earth,  if  more  convenient.  Do  this 
by  all  means  if  applied  in  the  hill  or  drill.  It  will  be  well  to  even  off  the  ground  by 
a  shallow  plowing,  spread  the  i^srtilizers  evenly  over  the  plots,  and  then  work  them  in 
with  a  good,  deep-running  harrow,  or  turn  them  under  by  very  shallow  plowing.  When 
the  plots  are  accurately  staked  out  and  the  fertilizers  carefully  applied  and  worked 
in,  the  plow  or  harrow  may  be  run  across  the  plots  without  fear  of  transporting  the 
fertilizers  from  one  to  another.    Apply  as  long  as  possible  before  planting. 

UNMANURED  PLOTS  FOR  COMPARISON. 

7.  It  is  of  the  greatest  importance  that  several  nnmanured  plots  be  left  for  com- 
parison. For  eight  manured  plots,  two  nnmanured  will  suffice  ]  but  where  there  are 
more  than  that,  three,  one  at  each  side  and  the  one  in  the  middle,  or,  if  the  number 
is  large,  one  in  the  middle  and  one  half-way  between  this  and  eaoh  side  would  be 
advisable.  Yon  will  have  very  little  idea  how  uneven  an  apparently  uniform  soil 
may  be  nntil  you  make  the  trial. 

OTHER  FERTIUZERS  TO  BE  TipED. 

8.  It  will  be  well  to  try  other  materials  along  with  the  experimental,  &c.  Gu- 
ano, fish,  ashes,  farm-manures,  and  especially  lime  are  to  be  recommended. 
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ARRANGEMENT  OF   PLOTS. 

9.  Arrangements  like  the  following  will  be  well : 

• 

B 
Ba^No. 

Regular  set. 

1 

Regula 

r  set  and  extra.*). 

Plot  No. 

Fertilizers. 

No  manure.    . 

Nitroeeu. 

Phosphoric  acid. 

Potash. 

NitTosen    and   phosphoric 

acia. 
Nitrogeu  and  potash. 
Phosphoric  acid,  and  potash. 
Nitrogen,  phosphoric  acid, 

and  potash. 
Plaster. 
No  manure. 

Plot  No. 

1 

0. 
A. 

B. 

C. 

D. 

E. 
00. 

F. 

G. 

K. 
L. 

M.       1 
000. 

Bag  No. 

*  aV" 

B. 
C. 
D. 
E. 

Fertilizers. 

0. 

No  manure. 

A. 
B. 
C. 
D. 

E. 

A. 
B. 
C. 
D. 

E. 
F. 
G. 

H. 
00. 

Nitrogen. 

Phospnoric  acid. 

Potash. 

Nitrogen  and  phoitphoricacii 

Nitrogen  and  potash. 

No  manure. 

F. 
G. 

H. 

00. 

F. 
G. 

H. 

Phosphoric  a<;id  and  potash. 
Nitrogen,     pliosphono  acid, 

and  potash. 
Plaster. 
Wood  ashes. 
Lime,  freshly  slaked,  60-75  lbs. 

on  A  acre. 
Farm  manure. 
No  manure. 



SEE   THAT  ALL  IS   DONE   RIGHTLY. 


10.  Attend  to  the  work  yourself.    Don't  trust  it  to  the  hired  man  unless  you  are 
sure  he  will  do  it  better  than  you  can. 


MAKE  ACCURATE   OBSERVATIONS. 


11.  Wat«h  the  experiments  closely.  Note  your  observations.  Make  them  both  u 
accurate  and  complete  as  you  can.  Put  down  your  notes  when  you  make  your  obaer- 
Tations.    Do  not  trust  them  to  future  recollection. 


REPORTS. 

12.  Make  your  reports  as  full  and  accurate  as  possible.     Keep  one  copy  for  your  own 
'  future  use,  and  send  the  other  in  so  that  your  results  may  be  compared  and  published 
with  others  in  good  season.    The  benefit  will  not  be  yours  alone,  but  yon  will  share 
"^with  others  the  good  that  will  come  from  the  combined  work  of  all. 

THIS  PROGRAMME  IS  NOT  AS  DIFFICULT  AS  IT  SEEMS. 

This  may  seem  a  pretty  heavy  programme  fot  ordinary  farmers.  *  If  you  cannot  fol- 
low the  directions  fully,  come  as  near  to  them  as  you  can.  Of  course  the  circuni- 
gtances  in  which  you  work  will  require  changes  which  your  own  good  judgment  will 
re  gulate. 

A  briefer  set  of  directions  wa^  also  supplied,  as  follows: 

CONDENSED  DIRECTIONS. 

Ist.  Have  your  plans  all  made  and  everything  ready  before  you  start.  Itemember 
that  poor  soil  for  the  soil  tests,  uniform  soil  for  all,  plots  long  and  narrow  and  accQ- 
lately  measured  and  staked  out,  and  right  application  of  the  fertilizers  are  essential 
to  the  best  success.  Don't  forget  the  tape  or  pole  for  measuring,  the  stakes,  and  the 
earth  for  diluting  the  fertilizers  if  they  are  to  be  put  in  the  hill  or  drill. 

2d.  Note  on  the  back  of  this  the  dimensions  you  have  determined  upon  for  the 
whole  field  and  for  each  plot. 

3d.  Select  a  fair  average  portion  of  the  field  to  be  tested,  lay  it  out  as  accnratelf 
as  you  can,  and  put  strong  stakes  firmly  into  the  ground  at  the  boundaries. 
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4th.  Designate  each  plot  by  a  nnmher.  A,  B,  C,  &,c.,  correspondinis;  to  the  namber 
of  the  fertilizer.  Put  a  stake  opposite  each  and  tie  a  label  to  it  with  the  namber  of 
the  plot  and  kind  of  fertilizer.    The  tags  on  the  bags  will  serve  for  labels. 

5th.  Distribute  each  fertilizer  evenly  over  its  plot,  and  do  not  let  it  get  outside. 
Lay  your  plans  for  doing  this  in  advance,  otherwise  yon  may  find  the  fertilizer  al^ 
used  up  before  you  get  to  the  end,  or  have  some  left  over.  Remember  what  was  said 
about  mixing  well  with  the  soil,  especially  when  put  in  the  hill.  K  yon  do  not  you 
may  kill  some  of  the  seed  and  injure  the  growth  of  the  rest. 

6th.  Be  as  systematic  and  accurate  as  yon  can,  not  only  in  starting  the  experi- 
ments, but  in  carrying  them  out,  and  noting  the  results. 

A  hngj  narraiCj  experimetital  area,  divided  lengthwise  in  narrow  strips.  A  good  rule  is  to 
have  the  whole  area  six  times  as  long  as  it  is  wide,  or  as  near  this  cu  practicable. 

ONE-TENTH  ACKE  PLOTS— LENGTH  AND  WIDTH. 

To  calculate  size  of  plot  of  one- tenth  acre  (for  ''acre  sef )  find  in  the  left-hand 
colninn  "  width  "  the  figure  for  the  width  you  have  decided  upon,  the  opposite  figure 
in  the  right-hand  column  will  represent  the  length  ;  or,  given  the  length  in  the  right- 
hand  column,  the  opposite  figure  in  the  left-hand  column  will  be  the  width.  For 
one-twentieth  acre  plots  ("balf-acre  set")  take  of  course  half  the  length  for  same 
width,  or  vice  versa. 


Width. 


One-third.. 
Two-fifths  . 
One-half.... 
Thne-lifthfl 


Sods. 


C. 

I 

H 
9  . 

»»■ 
10.. 

1?; 


FeeL 


Length. 


Feet  = 

Rodt.  Fwt 

792  = 

48 

660  = 

40 

528  = 

32 

440  = 

26        11 

Feet  = 

Rod9.FuL 

726  = 

44 

670  = 

40        10 

623  = 

37        12 

581  = 

35         3 

545  = 

33 

513  = 

31          1 

484  = 

29          5 

459  = 

27        13 

436  = 

26         7 

415  = 

25          2 

396  = 

24 

Width. 


Length. 


Rods.  ,  Feet  =  Rods.  FeeL 

Two-thirdft 396  =     24 

ThreefoorthB 852=     21  5^ 


Foar-fiftbfl 
One 


lU. 
12.. 


FeeL 


<l  13  . 


330=  20 

264=  16 

Feet  =  Rods.  Feet 

379=  23 

363=  22 

349=  21 

335=  20 

323  =  19 

311  =  18 

800=  18 


13* 

14 

14i 

15 1  290=  17 

281  =  17 
272=  16 
26i=  16 


15*. 
i  16.. 
I  16*. 


2 
5 
9 

14 

3 

10 

8 


For  an  area  of  one  acre,  160  square  rods ;  5  by  32  rods  will  be  good  dimensions. 
This  will  make  ten  plot«  32  by  ^  rodB=16  square  rods. 


Note  here : 

Length  of  the  whole  area  (and  of  each  plot). 

Width  of  the  whole  area 

Width  of  each  plot 


Feet  =  Bods.  Feet. 


THE  REPORTS  AND  THEIR  VALUE. 


For  Tei>orts  of  the  results  of  experiments  blanks  were  sent  to  the  ex- 
perimenters, which  they  were  requested,  if  so  inclined,  to  fill  oat  and 
return.  The  blanks  were  sheets  of  paper  about  12  by  19  inches,  with 
space  for  noting  on  one  side  description  of  soil,  subsoil,  &c, ;  previous 
treatment,  manuring,  and  yield;  weather  during  experiment;  fertil- 
izers, and  how  applied ;  method  of  sowing,  planting,  tillage,  &c. ;  and 
other  details  and  remarks.    The  other  side  was  devoted  to  details  of 
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'Size  of  plots,  dates  of  plantiDg  and  barvestiog,  amounts,  qaality, 
value  of  produce  in  grain,  roots,  tubers,  stalks,  &c.,  by  pounds 
bushels ;  calculated  profit  or  loss,  &c. 

It  has  been  a  matter  of  surprise  and  gratification  to  me,  not 
that  so  many  of  the  experimenters  should  have  made  reports,  bu 
the  reports  should  have  been  made  so  well.  Some  of  those 
are  brief,  most  are  well  filled,  and  many  entirely  so,  while  several 
additional  interesting  and  suggestive  statements  covering  a  num 
pages,  for  which  there  was  not  room  on  the  blanks. 

I  have  attempted  herewith  to  reproduce,  as  faithfully  as  the  pri 
conditions  will  allow,  one  of  these  reports — that  of  an  experimenlAich  mc 
corn,  by  Mr.  W.  O.  Atwood,  of  Watertown,  Conn.  Mr.  Atwood'w i»'w« 
mates  of  values  of  produce  are  much  larger  than  would  be  p^*^«/' 
in  many  places,  but  are  doubtless  quite  correct  for  hin  season- 
region. 


WHAT  THE   REPORTS  SAY — FAILURES  AND  SUCCESSES. 


It  for  c 
cookr, 

rofti 


Many  of  the  reports  have  no  decided  story  to  tell,  and  some  n< 
all,  except  failure  everywhere.  Some  were  on  land  so  rich  that  tfMnd^t^ 
tion  of  the  fertilizers  was  obscured  bj"  the  stores  of  plant  food  iir^'vtw 
soil;  others  on  soil  seemingly  in  such  physical  condition  that  nov^^^^^ 
ficial  supply  of  plant  food  could  make  it  fertile.  The  many  vicissift^^^^^ 
to  which  farming  is  subject  affected  the  growth  in  these,  as  in  gef 
cultivation.  Crows,  cows,  cut-worms,  grubs,  and  potato  beetles  wc|  MEti 
the  injury  and  ruin  of  many  ;  frosts,  heat,  and  drought  that  of 
more.  OftentimciJ  the  failure  seemed  to  be  due  to  the  improper r^^**^' 
duct  of  the  experiment.  The  fertilizers  were  often  applied  so  cIgIikj^^^ 
the  seed  as  to  injure  or  destroy  the  crop ;  but  the  most  serious  diffi#ii,  (i,^ 
of  all,  I  think,  has  been  found  in  the  unevenuess  of  the  soil.  B|^«"<iA< 
that  seemed  to  be  uniform,  proved  very  variable.  The  plot 
one  side  were  sometimes  drier  than  on  the  other ;  or  one  plot  wi 
old  sod  ground  and  another  had  been  lately  cultivated,  and8ho\i^e#'/<"'«o» 
effects  of  previous  manuring;  while  some  were  irregular  for  rea'*^^^^ 
upon  which  neither  the  experimenters  nor  the  reports  throw  any  1,„"^**' 
Some  of  the  trials  were  made  in  ways  which,  though  meeting  thr 
thor's  wishes  and  eminently  useful  for  their  puri>o8e,  do  not  adii|*«<A /<,^ 
tabulation.  Some  are  defective  in  such  ways  as  to  impair  or  d< 
their  value.  J^*  '^»' 

The  fact  is,  that  these  experiments  are  subject  to  all  the  natural  vi  ^^^^ 
tudes  of  ordinary  farming,  and  a  good  many  others  besides,  that 
from  lack  of  care,  experience,  or  understanding  how  to  make  the 
of  patience  in  their  execution. 

But  on  the  whole  I  may  say  that  the  general  character  of  the 
as  evidenced  by  the  report,  has  seemed  to  me  to  indicate  a  surpi 
and  most  gratifying  amount  of  intelligence,  thoughtmlness,  and 

c  spirit.    Indeed,  there  is  here  a  most  forcible  illustration  o 
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Kind  t»f  ci-op :   Early  Oa 
Sept.  lOtk. 


Column  No.  1,— A«  the  bags  » 
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other  detaila,  give 


No. 

of 

plot. 


A 
B 

€ 

D 

•O 

K 

« 

H 
K 

HI 


KKKTILIZKU 


Kind. 


Notbiu>; 

Nitrate  of  soda 

Sui)eri)husphate 

Muiiutc  of  potash  . . . 

S  Niti-ate  of  soda 

>  Supi'i-plumpbate 

Xotllin): 

C  Nitrate  of  soda      

\  Alurinte  of  pot4iah  . . . 
\  Dissolved  bone-black 
\  Miiriste  of  i>otash  ... 

t  Nitrate  of  soda 

<  Supendu)Mphate 

t  Muriut**  of  potash  . . . 

IMft.Htrr 

rl) 

(*-•) 

Limr  {'.\) 


Manvie  (4) 
Xothiny 


(1.)   VomifOtt:  \ight'«oU, 
they  had  unhj  15  Iht.  of  nitrate  < 


If  in  hillH.  diRtaiU'c  t'min  hill  to  liill, 


.     Date  of  planting:  \fay  \9th.    I)at«  of  harvesting : 


pouniU.  or  pouuilH  fi-oiu  buHhels,  or  Hhellfd  I'orn  fi'om  com  in  the  etir,  be  partirular  to  make  due 
red  com  in  the  ear  may  make  a  bnahel  of  shelled  t^orn,  while,  if  the  earn  were  weighed  jnst  after 
lake  a  bushel.  So  two  biigheln  of  good  ears  may  make  a  bimhel  or  piore  of  shelled  ooni,  while  two 
f  a  bushel.  And  a  measured  bushel  of  shelled  coi*n  may  weigh  56  lbs.,  or  it  may  weigh  60  lbs.  The 
ty,  (luality.  and  value  of  the  erop.  Give  beloM'  your  flgiires  for  poiind.4  i>er  bushel,  &c.,  and  other 
titms. 

lunuuiurtnl  plots  and  8ubHtra<;t  from  that  of  each  uvnuinured  plot. 

2  vour  tivuraB  for  cost  of  fertilizers  and  applying,  and  valuations  of  productb  below.  The  follow- 
illy  nul  be  fai-  out  of  the  way:  A,  $8.00;  B,  $5.2ri;  C,  $4.50;  D,  $1L()L'^:  B,  $10.87^  :  F,  $9.75:  O, 
iM>se.  and  tell  why. 

igh  they  will  b«*  very  inten^sting.    Columns  1  to  9  are  most  ini)>ortant. 

s.  farn,  a*  my  cntp  ut  about  ha\f  cured.    J  estimate  3,000  lbs.  of  stalkaper  ion  t{f  chy  fodder. 


'•  loss 
ere. 


Appe4ii:iU<'e  during  growth. 


Appearance  and  quality  of  produce. 


-1.  y.i 

9.99 
21.68 


11.43 
;!1.08 

46.  H5 

2.25 
40.12 
11.64 

3.06 
42.17 
-1.98 


July  10,  O  takina  Uad.  V  good  color,  hard  after  O. 
000  not  «o  good  color.  OO  much  the  game  a«  II.  O 
lookt  finely,  close  upon  O.  Barn-yard  the  bent.  Aug. 
15,  no  grejat  difference  between  O  and  G  and  barn- 
yard. Sept.  l»t,  G  wiU  ripen  earliest,  O  next,  while 
B  IT  will  give  the  most  foliage,  000  and  H  as  well  as 
H  and  lime  will  yield  bttt  little  grain,  and  lestt  though 
much  better  fodder. 


000.  Uiismind  nubbins. 
A. 

B.  Better. 

C,  Fair  quality. 

B.  Much  Itetier.  sound. 


E.  Much  Itetter,  smmd. 
V,  Mwh  better,  sound. 

G,  Excellent  grain. 

H.  Unripe  and  poor. 
JK*  Sound,  rijye,  and  good. 
£<•  Sound,  ripe,  but  smaU. 
m.  Unripe  and  poor. 
N*  Very  good  and  sound. 
O.  BeM  of  all. 


yard  manure,  \^  cords  per  acre.     (5.)  B«  B,  F,  and  <«,  we-re  mixturett  of  A^  TB.  and  Ct  except  thaj 
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trath  that  among  our  farmers  there  is  an  amount  of  intelligence  and 
ability  which  is  not  appreciated  eithet  by  themselves  or  by  the  com- 
munity at  large,  but  which  is  capable  of  making,  indeed  is  making,  a 
very  rapid  advance  In  the  intellectual  character  of  our  agriculture. 

The  main  results  of  the  general  experiments  are  set  forth  in  Tables 
lY  to  XI  of  the  appendix.  In  lack  of  place  for  giving  all  of  the  details 
of  the  reports,  an  attempt  is  made  to  tabulate  some  of  the  principal 
data  with  the  figures  for  prmluce. 

TABULAR  STATEMENTS   OF   RESULTS  OF  THE  EXPERIMENTS. 

Concerning  the  arrangement  of  these  tables,  the  following  remarks 
may  be  made : 

1.  The  figures  given  by  the  exi>erimenter8  are  complete  in  all  cases 
except  a  very  few,  in  which  minor  mistakes  were  apparent. 

2.  In  some  cases  the  materials  were  applied  in  areas  different  from 
those  recommended.  The  variations  thus  made  in  the  amounts  per 
acre,  though  considerable  in  some  cases,  do  not  affect  the  general  re- 
sult, when  all  are  averaged  together. 

3.  The  estimates  for  pounds  per  bushel  of  com  and  potatoes  vary  con- 
siderably. Corn  was  generally  weighed  in  the  ear,  and  the  shelled  corn 
computed,  the  different  experimenters  allowing  from  70  to  80  pounds  of 

ears  for  one  bushel  of  shelled  corn.    Where  the  ears  were  measured,  2 

* 

bushels  are  generally  reckoned  equal  to  1  of  shelled  corn.  I  am  inclined 
to  think  that  generally  too  little  allowance  was  made  for  the  shrinkage 
that  comes  in  curing.  It  is  evident  that  the  poorer  yields  appear  to  an 
unfair  advantage  in  this  way,  unless  the  different  qualities  of  produce  are 
sorted.  With  corn,  for  instance,  the  small  yields — those  on  the  uuma- 
nured  plots  and  with  inefficient  fertilizers — would  have  much  larger 
proportions  of  poor  corn  than  the  good  yields.  A  bushel,  or  75  pounds 
of  poor  ears,  would  give  less  shelled  com  than  the  same  amount  of  good 
com.  The  small  errors  thus  introduced  in  the  tables  appear  to  the  ad- 
vantage of  the  poorer  fertilizers  in  the  comparison. 

I  suppose  that  but  few  of  the  gentlemen  whose  reports  are  before  me 
are  used  to  accurate  experimenting,  and  there  are  doubtless  many 
sources  of  error  in  their  work  which  experience  in  methods  of  accurate 
research  and  more  adequate  appliances  would  have  eliminat/ed.  Several 
in  particular  occur  to  me.  One,  as  above  said,  is  that  the  statements 
of  results  of  weighings  and  measurements  often  fail  to  make  due  al- 
lowance for  the  quality  of  the  crop.  Another  is  the  lack,  in  the  ma- 
jority of  the  cases,  of  unmanured  spaces  between  the  plots  to  prevent 
the  roots  of  one  from  feeding  upon  the  fertilizers  of  the  other.  An- 
other is  the  unevenness  of  the  soil,  and  a  fourth,  improper  application 
of  the  fertilizers. 

For  that  matter,  I  can  see  many  imperfections  in  this  method  of  ex- 
perimenting. But  if  we  work  in  the  right  spirit,  experience  will  be  our 
best  teacher,  and  our  errors  our  most  effective  lessons.    Indeed  it  seems 
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to  me  that  these  trials  are  only  the  beginning  of  what  may  be  devd- 
oped  into  work  of  the  greatest  value. 

GENERAL  AYERAGES  OF  EXPERIMENTS. 

The  following  tables  will  be  interesting — the  former  giving  averages 
of  results,  the  latter  giving  results  of  experiments  which  were  repeated 
from  year  to  year : 


/ 
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NOTES  UPON  INDIVIDUAL  EXPERIMENTS. 

Having  thas  given  a  general  outline,  and  more  or  less  specific  statement 
the  experiments  in  general,  it  will  be  proper  now  to  speak  of  some  of 
details.  It  is  a  matter  of  regret  that  so  much  of  faithful,  excellent, 
nseful  work  must  be  expressed  iu  so  little  space.  Almost  every 
rt  contains  material  worthy  of  especial  mention;  and  many  of  the 
rimenters  have  so  carried  out  their  trials  as  to  give  them  no  little 
entific  value.  To  select  a  few  for  especial  discussion  seems  injustice 
others  likewise  worthy.  I  am  compelled  to  restrict  the  particular 
nssion  of  individual  experiments,  however,  to  a  small  number;  and 
so  doing,  other  things  being  equal,  I  choose  the  work  of  practical 
kurmers,  rather  than  that  of  agricultural  colleges,  because  the  latter 
eaally  find  publication  in  detail  elsewhere;  and  iu  the  belief  that  one 
ff  the  most  useful  features  of  these  experiments  is  the  bringing  out  of 
he  talent  of  individual  men  and  the  showing  of  what  ordinary  farmers 
lan  do? 

MR.  BARTHOLEMEW'S  EXPERIMENTS. 

The  experiments  of  Mr.  Bartholemew  were  begun  in  the  year  1877, 
md  have  now  been  going  on  for  five  successive  years;  have  covered 
learly  one  hundred  plots;  been  repeated  on  the  same  plot^  and  with  the 
lame  fertilizers  and  the  same  crops  year  after  year,  and  on  other  parts 
tf  the  same  and  contiguous  fields  with  other  crops,  and  are  decidedly 
Hie  most  instructive  and  valuable  ever  made  to  my  knowledge  by  a 
private  individual  in  this  country.    They  include : 

(1.)  An  experiment  with  corn,  begun  iu  1877  and  continued  through 
Ive  years,  with  the  same  fertilizers  and  the  same  plots. 

(2.)  An  experiment  with  potatoes,  made  in  1878.  (See  Appendix,  Table 
7,  No.  27.) 

(3.)  A  special  nitrogen  experiment  with  com  in  1878.  ( Api)endix,  Table 
[I,  No.  13.) 

(4.)  A  special  nitrogen  experiment  with  corn  and  potatoes,  side  by 
lide  (Appendix,  Table  I,  No.  13),  begun  in  1879  and  continued  until 
Ehe  present. 

(5.)  A  number  of  other  trials  not  reported  here. 

I  will  first  refer  to  Mr.  Bartholomew's  experiments  with  corn,  which 
irere  begun  in  the  year  1877,  and  continued  on  the  same  plots  until  the 
present  time. 

The  plots  were  of  ten  square  rods  each.  The  soil  is  described  by  Mr, 
Bartholemew  as  "  hill-land,  a  dark  loam,  moist,  with  clayey  subsoil." 
rhe  field  was,  in  1874,  an  old  meadow,  yielding  about  one  ton  of  hay 
per  acre.  In  1875  it  was  plowed,  dressed,  and  planted  with  com,  and 
l^elded  35  bushels  x>er  acre.  In  1876  it  was  sowed  [to  oats,  with  no 
additional  manure,  the  >ield  being  40  bushels  per  acre.  In  1877  ex- 
periments  began  with  corn.    The  land  had  thus  been  out  of  grass  for 
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three  years  previous  to  the  beginning  of  the  experiment,  or,  up  to  the 
present  time,  eight  years.  The  seasons  of  1877  and  1878  were  on  Um 
whole  favorable.  In  1879  "  the  spring  was  late.  There  were  some  stormf 
in  July  and  August  which  beat  the  com  nearly  flat  and  stripped  the 
leaves  into  shreds.  Frost  killed  the  corn  September  25  before  it  ma* 
tured."  Tn  1880  the  sea^son  was  hardly  unfavorable ;  in  1881  very  nn- 
favoitible  to  the  growth  of  com. 
The  fertilizing  materials  used  were  as  follows : 
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Wood  ashes,  dry  and  leached,  and  farm  manures  were  likewise  em- 
ployed, as  indicated  below.  A  number  of  brands  of  manufactured 
fertilizers  were  also  tried,  with  results  according  with  those  irom  the 
regular  experimental  fertilizers. 


Fertiilizer. 


Yield  of  shelled  com  per  acre  in  bosh- 

ela. 
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*  Entire  failure. 

i  Dissolved  bone-black,  480  pounds  per  acre,  instead  of  ashes  in  1880.    Nothing  in  1881. 

t  Amraoniated  superphoephate,  480  pounds  per  acre,  in  place  of  ashes  in  1880.    Nothing  in  1881. 

In  speaking  of  the  results  in  1881,  Mr.  Bartholomew  says : 

The  land  on  which  these  experiments  have  now  heen  conducted  for  five  sncceesive 
years  was  also  plowed  the  two  previoas  years,  making  seven  years  in  snooession  noder 
cnltivation.  The  soil  has  hecome  i^ery  light,  has  washed  considerably  on  to  the  ad- 
joining meadow,  and  Heems  to  have  become  unfitted  for  com.  The  plot  fertilised 
with  a  good  cart  load  of  farm  manure  has  produced  but  little  more  than  that  with 
phosphate.  I  think  the  condition  of  the  soil  has  become  such  that  but  little  more  can 
be  learned  from  the  effect  of  fertilizers  upon  it. 
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Two  things  are  especially  worthy  of  mention  in  connection  with  this> 
experiment.  (1.)  Thatwherever  phosphoric  acid  was  supplied  a  notable 
increase  of  j  ield  resulted,  and  that  without  the  addition  of  phosphoric  acid 
there  was  no  increase  of  crop.  Indeed,  the  following  statements  from  the 
report  of  the  experiments  in  1877  are,  with  few  exceptions,  as  necessarily 
with  variations  of  season  almost  equally  appropriate  to  those  of  each  of 
the  following  years.  The  ashes  were  not  analyzed.  The  statements 
regarding  them  are  made  on  the  very  probable  assumption  that  the 
composition  was  as  ordinarily  found. 

(1.)  In  the  four  cases,  Nos.  1,  3,  6,  and  0,  where  phosphoric  acid  was  not  supplied, 
the  crop  failed.  (2. )  In  every  case  where  phosphoric  acid  was  supplied,  either  alone- 
(t.  e.,  as  snperphosphate  with  the  lime  and  sulphuric  acid  incident  thereto)  or  with 
other  materials  in  Nos.  2,  4,  5,  8,  9,  and  10  the  crop  was  good.  (3.)  The  amounts  of 
phosphoric  acid  per  acre  in  Nos.  2,  4,  and  5  were  51, 25^,  and  17  pounds,  respectively ; 
the  yields,  41.6,  38,  and  33.5  bushels,  showing  a  corresponding  decrease.  Comparisons 
of  the  amounts  of  phosphoric  acid  applied  and  com  produced  in  the  other  cases,  of 
which  limited  space  excludes  details,  show  a  similar  and  singularly  uniform  ratio 
between  the  two.  This  parallelism  between  phosphoric  acid  and  yield  runs  through 
the  plot-8  with  ashes,  which  contain  less  of  the  phosphoric  acid,  and  brought  lesa 
eoro,  and  those  with  farm  manures,  which  contain  more  and  brought  more.  (4.> 
The  produce  with  potash  salt  and  with  dried  blood  alone  was  less  than  on  the  one^ 
plot  with  no  manure.  (5.)  While  the  crop  responded  uniformly  to  the  phosphorio 
acid,  it  got  little  apparent  benefit  from  the  other  ingredients  of  either  the  chemical 
fertilizers,  the  ashesj  or  the  farm  manure. 

The  main  feature  of  the  story  of  the  first  year  is  that  of  the  fifth  j 
without  phosphoric  acid,  failure ;  with  it,  a  larger  or  smaller  yield,  as  more 
or  less  is  used,  and  very  little  help  from  potash  or  nitrogen.  But  there 
IB  this  addition,  that  phosphoric  acid  alone  is  unable  to  carry  the  crop 
year  after  year. 

Another  point  worthy  of  mention  is  that  the  land  has  refused  to  pro* 
dace  com  in  good  quantities  for  a  number  of  years  in  succession  with 
any  of  the  fertilizers  used.  This  is  worthy  of  record,  especially  in  view 
of  the  fact  that  on  another  part  of  the  same  field  corn  and  potatoea 
are  being  cultivated  continuously  with  different  fertilizers. 

Mr.  Bartholomew's  special  nitrogen  experiment  of  1878,  detailed  in 
Table  I  of  Appendix,  and  experiments  with  potatoes  in  the  same  year, 
given  in  Table  V  of  the  Appendix,  were  made  on  a  contiguous  part  of 
the  same  field  as  the  ones  just  described.  As  regards  the  effects  of 
phosphoric  acid,  potash,  and  nitrogen,  they  coincided  fully  with  the  ex- 
periment just  described. 

In  these  experiments,  then,  potatoes  had  responded  to  phosphorio 
acid,  potash,  and  nitrogen,  though  phosphoric  acid  was  by  far  the  most 
effective  ingredient.  The  corn  had  responded  very  decidedly  to  the 
phosphoric  acid,  and  had  paid  but  little  heed  to  the  other  ingredients.. 
Two  inferences  seem  to  be  deducible  from  these  results ;  first,  that  the 
soil  was  especially  deficient  in  phosphoric  acid ;  second,  that  com  and 
potatoes  differ  materially  in  the  effects  of  the  several  fertilizing  ingre- 
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dients  upon  their  growth.  The  soil  experimeuted  upon  seemed  to  be 
reasonably  uniform ;  still  Mr.  Bartholomew  felt  it  desirable  to  test  the 
uniformity  more  thoroughly. 

He  accordingly  planned  an  experiment  in  which  corn  and  potatoes 
should  be  planted  side  by  side,  and  in  which  intervening  plots  should 
be  left  between  the  experimental  plots  proper;  that  is,  plots  of  one- 
tenth  of  an  acre  each  were  laid  out  and  received  the  experimental  fer- 
tilizers. Each  one  of  these  was  divided  lengthwise  and  half  devoted 
to  com  and  the  other  half  to  potatoes.  Between  each  two  experi- 
mental plots  was  an  intervening  plot.  All  of  the  plots  were  treated 
uniformly,  and  thus  gave  a  measure  of  the  uniformity  of  the  soil.  The 
experiment  has  now  been  going  on  for  three  years.  The  table  here- 
with is  a  transcript  of  Mr.  Bartholemew's  report  of  the  results  in  1881. 
A  little  study  of  the  figures  will  show  how  uniformly  the  conclusions 
above  mentioned  are  borne  out  by  the  whole  five  years'  work. 
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In  all  the  scor^  of  trials  which  Mr.  Bartholemew  has  made,  the  same 
results  have,  been  obtained.  Corn  responded  largely  to  phosphoric  acid, 
less  to  nitrogen,  and  scarcely  at  all  to  potash ;  and  potatoes  responded 
to  all,  but  chiefly  to  potash.  It  shoald  be  added,  however,  that  Mr. 
Bartholemew  has  oftentimes  got  the  best  results  by  using  farm  ma- 
nures, supplemented  by  superphosphates.  Indeed,  in  his  case,  as  in 
many  others,  the  proper  use  of  manures  for  fertilizers  is  to  supplement 
the  manures  of  the  farm. 

MB.  faibchild's  expebiments. 

The  experiment  of  Mr.  Fairchild,  in  1881,  was  given  in  detail  above. 
Others  may  be  found  in  Tables  I  and II  of  the  Appendix.  In  his  experi- 
ments, which  have  been  going  on  now  for  five  years,  Mr.  Fairchild  hag 
been  seeking  the  solution  of  a  number  of  problems,  some  of  which  may 
be  expressed  thus : 

(1)  Do  crops  on  my  land  demand  more  nitrogen,  phosphoric  acid,  pot- 
ash, sulphuric  acid  or  lime,  than  my  soil  supplies? 

(2)  Do  different  plants  differ  with  respect  to  their  capacities  for  gather- 
ing these  materials  for  themselves,  and  their  consequent  demand  for 
them  in  fertilizers  f 

(3)  In  what  forms,  quantities,  proportions,  and  ways,  can  I  use  these 
fertilizing  elements  with  profit  I 

Five  years  ago  Mr.  Fairchild  began  a  series  of  experiments  some- 
what on  the  plan  of  the  general  experiments  already  described.  The 
results  indicated  that  phosphoric  acid  would  be  especially  efficient^ 
though  potash  and  nitrogen  were  likewise  useful.  Not  content,  how- 
ever, with  this,  he  went  into  some  more  elaborate  trials,  and  finally  un- 
dertook some  series  of  special  nitrogen  experiments,  as  have  been  de- 
tailed. Being  led  to  this  by  the  facts  that  while  nitrogen  seemed  very 
beneficial,  yet  it  was  very  expensive,  and  hence  it  became  a  matter  im- 
portant to  him  to  learn  how  much  or  how  little  could  be  used  with  profit^ 
in  the  spring  of  1880  he  selected  a  portion  of  an  old  pasture,  the  soil 
of  which  was  very  poor,  and  seemingly  of  little  value.  On  this  he  laid 
out  twenty-five  plots  of  one-twentieth  of  an  acre  each,  and  applied  fertil- 
izers to  obtain  corn,  as  shown  in  Table  I  of  Appendix,  In  1881  he  re- 
peated the  experiment,  putting  the  same  fertilizers  on  the  same  plots, 
but  divided  the  experimental  area  in  two  equal  parts,  by  a  line  running 
across  the  experimental  strips;  devoting  one-half  to  oats  and  the  other 
to  potatoes.  The  results  of  this  experiment  are  set^forth  in  Table  I  of 
the  Appendix,  and  in  more  detail  as  above,  in  the  chapter  on  the  nitro- 
gen experiments.  In  the  fall  of  1881  the  land  was  sown  to  wheat  and 
grass,  and  fertilizers  applied  as  before.  After  taking  off  the  wheat  of 
1882,  Mr.  Fairchild  proposes  to  let  the  land  lie  in  grass  as  long  as  it  can 
be  made  to  yield  well.  Thufe,  by  using  the  same  fertilizers  on  the  same 
plots  year  after  year,  through  the  regular  rotation,  Mr.  Fairchild  is 
gaining  definite  information  as  to  the  effect,  cost,  and  profit  of  the  more 
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expensive  ingredients  of  the  fertilizers  used,  particularly  of  the  nitrogen. 
Some  time  since  Mr.  Fairchild  favored  me  with  a  visit  at  my  study, 
and  gave  quite  a  number  of  details  concerning  the  results  of  his  exper- 
iments and  experience.  With  his  permission  I  made  notes  of  some  of 
the  conversation,  and  on  looking  them  over  after  his  departure,  took 
occasion  to  send  him  a  few  further  questions  in  a  letter  which  he  has 
kindly  answere<l.  The  observations  seemed  to  me  so  correct,  apposite, 
and  valuable  that  I  asked  the  privilege  of  putting  them  in  print.  The 
argument,  strongly  urged,  that  they  would  be  very  useful  to  his  fellow 
farmers,  finally  overcame  the  objections  which  his  modesty  interposed. 
I  quote  as  nearly  as  practicable  his  own  words  in  the  statements  which 
follow: 

*  "*  *  On  the  whole,  phosphoric  acid  in  superphosphate  and  hone,  and  potash  in 
Dinriate,  have  thns  far  proved  most  efficient.  At  the  same  time,  in  many  cases  at 
least,  I  like  some  nitrogen  also,  and  think  a  complet-e  fertilizer  is  the  most  profitahle 
for  me. 

•  •  •  As  to  the  outcome  of  ray  experiments  with  nitrogen,  that  depends  upon 
soil  and  crops.  *  ""  *  In  my  experience  thns  far,  nitrogen  in  small  quantities  has 
generally  proved  protitable.  Bone  and  potash  give  a  moderate  yield  of  corn  and  oats 
OD  verj'poor  land,  but  I  like  a  good  handsome  crop,  and  24  pounds  of  nitrogen  added, 
has  more  than  repaid  the  cost  in  increased  yield  of  com  and  oats.  That  is,  mixtures 
containing  ''one-thinl  ration''  of  nitrogen  have  been  uniformly  more  profitable 
than  ''mixed  minerals'' alone,  or  than  mixed  minerals  with  a  two-thirds  or  a  full 
ration  of  nitrogen ;  and  this  is  my  experience  on  a  larger  scale.     »     *    * 

Yet  in  a  number  of  cases  potash  salts  with  bone,  and  also  with  superphosphate, 
bring  excellent  crops  withont  nitrogen,  and  the  addition  of  nitrogen  would  be  un- 
profitable. 

My  neighbor,  Mr.  WiUiams,  had  a  very  fine  piece  of  corn  this  year,  with  only  200 
pounds  per  acre  of  bone  dust,  and  150  pounds  of  muriate  of  potash,  the  two  costing 
|7  per  acre.  I  have  noted  qnite  a  number  of  similar  cases  in  this  district.  But  my 
land  was  very  badly  run  out  when  I  took  hold  of  it,  and  seemed  to  demand  a  little 
nitrogen.  So  far  as  I  have  observed,  soils  that  have  been  well  manured,  seeded  down, 
kept  in  grass  awhile,  and  then  plowed  again,  do  well  with  potash  and  phosphoric 
acid,  withont  artificial  supply  of  nitrogen.  My  com  in  last  year's  nitrogen  experi- 
ments, rose  with  the  amount  of  nitrogen  added,  but  the  increase  was  not  enough  to 
pay  the  cost  of  the  72  pounds  or  even  of  48  pounds,  though  it  did  pay  for  the  24 
pounds.  And  with  the  oats  on  the  same  plots  the  past  season  the  yield  rose  with  in- 
crease of  nitrogen,  but  the  smallest  quantity  was  the  most  profitable,  as  you  can  see 
by  comparing  Plot  No.  7  with  Nos.  8  and  9,  and  No.  10  with  11  and  12. 

But  the  potatoes  gave  a  better  response  to  the  nitrogen  than  the  oats.  With  them 
the  two-third's  ration,  48  pounds  per  acre,  was  the  most  profitable,  and  the  value  of 
the  increase  exceeds  the  cost  of  the  fertilizer.  With  46  pounds  of  nitrogen,  the  gain 
was  $57  to  165,  while  with  either  72  pounds  or  24  pounds  it  runs  from  |40  to  |59.  I 
notice  also,  as  a  result  of  my  experiments,  that  the  potatoes  seem  to  respond  to 
the  potash  much  more  rea<lily  than  either  oats  or  corn. 

« 

To  my  question,  '*  Have  you  arrived  at  any  formulas  as  most  suitable 
for  fertilizers  for  your  crops  ? "    Mr.  Fairchild  answered  as  follows : 

Yes  and  no.  That  is,  I  have  made  up  my  mind  what  will  probably  do  well  on  my 
land  and  under  my  conditions  for  some  of  my  crops.  But  I  cannot  say  what  would 
be  moet  advantageous  elsewhere,  nor  do  I  yet  know  exactly  what  will  prove  best  for 
me  years  hence,  or  with  crops  I  have  not  tested.  For  my  com  I  expect  to  use  next 
spring  250  pounds  of  fine  ground  bone,  150  pounds  muriate  of  potash  (containing  50 
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per  pent,  actual  potash;,  and  24  pounds  of  nitrogen  in  the  cheapest  form  I  can  get  it.  ' 
So  far  as  my  experiments  go,  they  indicate  that  sulphate  of  ammonia  and  nitrate  of 
soda  do  rather  l>etter  than  dried  blood.    Nitrate  of  soda  is  cheap  now,  and  I  rather 
•expect  to  nse  that. 

With  potatoes  and  oats  I  have  not  experimented  so  much.  Judging  from  the  past 
season^s  experience,  it  seems  probable  that  the  quantities  of  l>one  and  potash  salt  I 
just  mentioned,  and  about  double  the  nitrogen,  will  make  a  good  mixture.  For  oate 
I  am  inclined  to  make  une  of  the  same  proportions  as  for  corn,  but  I  think  smaUer 
total  quantities  would  do  upon  these  crops.  According  to  analysis,  an  oat  crop  tak(s 
less  from  the  soil  than  one  of  corn,  and  my  experience  indicates  that  oats  will  do  well 
with  less  manure.  I  expected  the  large  quantities  on  some  of  the  plots  of  the  nitro- 
gen experiment  would  make  them  lodge  badly,  but  the  weather  or  something  else 
.kept  them  up  all  right. 

MR.   sage's    EXPERIMENTS. 

I  wish  likewise  to  call  especial  atteution  to  the  experiments  of  Mr. 

iSage,  detailed  in  Table  I  of  Appendix,  in  both  of  which  potash  has 

proved  remarkably  efficient;  phosphoric  acid  added  something  to  the 

.yield,  but  nitrogen  has  been  almost  without  effect.    In  an  experiment 

in  another  trial  not  reported  here,  Mr.  Sage  found  very  similar  results. 

One  hundred  and  fifty  pounds  of  muriate  of  potash  made,  as  Mr.  Sage 
says,  the  difference  between  a  crop  scarcely  worth  husking,  and  60 
bushels  per  acre  of  as  fine  com  as  he  could  ask  for. 

MR.   NEWTON'S  EXPERIMENTS. 

The  experiments  of  Mr.  Newton,  detailed  in  Tables  II  and  III,  Ap- 
pendix, are  among  the  most  interesting  of  all.  The  particular  point  m 
this  case  is  the  effect  of  nitrogen  upon  the  corn.  While  in  most  cases 
the. nitrogen  has  little  or  no  effect,  in  Mr.  Newton's  trials  it  was  the  only 
t  effective  ingredient;  and  the  corn  responded  to  it  very  uniformly  where- 
ever  it  was  applied. 

Had  not  so  much  space  already  been  consumed,  I  should  speak  in  de» 
tail  of  a  number  of  other  experiments;  as  those  of  Mr.  Pierce,  Mr.  Hicks, 
Mr.  Eliason,  and  others. 

EXPERIMENTS  OF  MR.   CLENDON. 

I  must,  however,  make  at  least  brief  reference  to  the  experiments  by 
Mr.  Clendou,  of  Virginia,  which  are  found  in  Table  VIII  of  the  Appendix. 
The  most  interesting  point  in  Mr.  Clendon's  experiments  is  the  effect 
of  the  raw  or  undissolved  South  Carolina  phosphate.  Concerning  this, 
Mr.  Clendou  writes  as  follows : 

Allow  me  to  call  particular  attention  to  the  benefits  derived  from  the  use  of  finelj- 
powdered  but  otherwise  unman ipulated  South  Carolina  rock.  I  have  used  it  for  sev- 
eral years  in  quantities  varying  from  the  single  bag  up  to  ten  tons,  and  have  become 
Batisfied  that  in  equal  values  it  did  as  much  good  as  the  superphosphates  ;  but  until 
this  year  have  not  made  comparative  tests  where  the  crops  were  weighed.   *    *     * 

It  will  be  seen  from  the  experiments  that  nitrate  of  soda  and  potash  do  not  pay. 
Superphosphate  of  lime  did  well,  but  the  South  Carolina  phosphate  did  better.  An 
application  of  400  pounds  per  acre  gave  an  increase  of  over  19  bushels  of  shelled  corn. 
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The  soil  is  a  decomposed  gneiss,  uniformly  poor,  and  is  a  fair  sample  of  hundreds  of 
square  miles  lying  between  the  base  of  the  Blue  Ridge  and  tide- water  in  Virginia. 

On  soils  containing  lime,  superphosphate  is  rapidly  reduced  to  an  insoluble  condi- 
tion, and  from  its  extreme  fineness  may  be  better  than  the  raw  phosphate ;  but  judg- 
ing from  the  soAness  of  our  spring  water — for  household  purposes  practically  as  soft 
as  rain  water — ^my  soil  contains  very  little  lime,  and  a  soluble  phosphate  may  be  posi- 
tively injurious;  and  when  not  injurious  may  form  the  insoluble,  inert  phosphate  of 
iron. 

My  experiments  have  been  carried  over  ten  years  with  uniform  results.  In  every 
year  the  good  effect  of  the  raw  phosphate  was  apparent.  As  South  Carolina  phos- 
phate is  so  cheap,  I  think  my  experiments  should  be  rei>eated  over  a  wide  country.  I 
am  aware  that  in  some  localities  an  insoluble  phosphate  is  regarded  as  of  no  value. 
The  same  may  be  said  of  superphosphates.    Experiment  alone  is  the  farmer's  safety. 

EXPEBIME??TS  OF   PROFESSOR   STUBBS. 


These  experiments  are  of  especial  interest  from  the  fact  of  their  being 
made  with  cotton,  the  study  of  which  for  the  Southern  States,  is  of 
incalculable  importance.  On  receipt  of  Professor  Stnbbs's  report,  I 
wrote  him  a  letter  containing  the  following: 

The  results  seem  to  me  most  interesting  and  valuable.  The  potash,  as  you  say, 
appears  to  have  very  little  effect,  the  nitrogen  more,  and  the  phosphoric  acid  most 
of  all.  In  how  far  these  results  are  decided  by  the  soil  and  to  what  extent  they  are 
due  to  the  feeding  capacity  of  the  plant  are  of  course  questions  for  further  investi- 
gation. It  is,  however,  interesting  to  note  that,  while  the  one-third  nitrogen  ration 
in  each  of  the  three  nitrogen  groups  materially  increases  the  yield,  or  at  least  ap- 
pears to  do  so,  instead  of  rising  with  the  large  applications  of  nitrogen,  actually  falls. 
I  have  put  yonr  figures  together  so  as  to  show  this. 

Assuming  the  yield  on  Plot  No.  7  with  Fertilizer  No.  6  to  represent  what  would  be 
the  yield  in  each  case  with  superphosphate  and  potash  salt,  we  have  yields  of  cotton 
and  gains  due  to  nitrogenous  fertilizers  as  follows : 


Nitrogeuoas  fertilizer. 


Kitnte  of  soda 

SolpbAteof  ammonia. 
Dried  blood 


ATera|;:e  of  above 
Mixed  minerals  .. 


Gain  from  Ditrogeo 


Cotton-seed  meal 
Mixed  minerals  . . 


Gain  from  nitrogen 


Amount  of  nitrogen. 

24  poonds. 

48  ponnds. 

• 

Pounds. 
1,403 
1,265 
1,300 

72  p 
Po 

lonndfl. 

Pounds. 
1.545 
1,115 
1.357 

undt, 
1,242 
1.162 
1,127 

1,338 
1,219 

1,823 
1,219 

1,177 
1,219 

119 

104 

42 

1,253 
1,219 

1,518 
1,219 

1,345 
1,219 

34 

290 

126 

Thus  in  the  nitrate  of  soda  group,  Nos.  8, 10,  and  13,  the  No.  8,  with  24  pounds  of 
nitrogen  per  acre,  shows  increase  of  over  300  pounds  over  No.  6,  **  mixed  minerals,'' 
while  in  Nos.  8  and  9  the  amount  decreases  so  as  to  show  with  72  pounds  of  nitrogen 
in  No.  9  no  increase  over  No.  6.  The  results  with  the  sulphate  of  ammonia  group 
show  practically  no  increase  ;  indeed,  if  anything,  a  falling  off  of  nitrogen.  Nor  aro 
they  mneh  more  favorable  with  dried  blood  ;  indeed  here  while  there  is  a  slight  gain 
with  the  one-third  ration,  the  others  fall  off  until  with  the  full  ration  there  is  a  de- 
cided decrease  aa  compared  with  the  yield  with  no  nitrogen  at  all. 


\ 
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In  abort  one  can  almost  say  that  the  more  nitrogen  there  is  applied  the  Less  cottoa 
is  produced. 

Of  course  if  we  had  the  four  plots  with  ''mixed  minerals 'Mnstead  of  one,  the 
comparison  would  be  more  reliable  as  an  index  of  the  gain  with  nitrogen.  Still  these 
figures  agree  very  emphatically  in  testifying  that  the  large  quantities  of  nitrogen  in 
the  commercial  forms  were  very  un^^rofitable. 

The  figures  for  cotton-seed  meal  are  striking.  Lumping  the  gains  with  the  severfti 
nitrogenous  materials  together,  we  have  more  with  this  than  with  either  sulphates 
of  ammonia  or  dried  blood,  and  about  the  same  as  with  nitrate  of  soda.  Thus  tbe 
total  yields  are :  , 


Amount  of  ration. 


Nitrate  of 
soda. 


I    Bushels. 

One-third  ration 15.45 

Two-third  ration 14.03 

FuUralion I  12.42 

Sum '  41.90 


Sulphate 
of  ammo- 
nia. 


BvsfieU. 
11.15  ' 
12.65 
11.62 


35. 42 


Dried 
blood. 


BushelM. 
13.57 
13.00 
11.27 

37.84 


Cotton -Med 
meal. 


BtiAHt 
12.53 
1S.H 
13.45 

41.16 


I 


That  is  to  say,  according  to  the  testimony  of  this  experiment : 

1.  In  return  for  24  pounds  of  nitrogen  i>er  acre  in  commercial  fertilizers,  which 
would  cost,  near  the  large  seaboard  markets,  at  present  prices,  cash,  say  {24  pounds, 
at  25  cents  per  pound),  |6,  and  in  the  interior,  on  time,  a  good  deal  more,  yon  get,  on 
the  average,  119  pounds  of  cotton.  When  you  double  the  amount  of  nitrogen  yoa 
get  less  increase  ;  trebling  it,  you  have  a  loss. 

2.  But  when,  instead  of  using  these  imported  products,  you  put  back  on  your  laod 
the  cotton  seed  it  has  already  produced,  enough  to  furnish  the  same  quantity  of  ni- 
trogen (about  two  pounds  of  cotton-seed  meal  for  one  of  nitrate  of  soda,  and  three 
for  one  of  sulphate  of  ammonia),  you  get  as  much  as  with  the  nitirate  of  soda  and  more 
than  with  anything  else. 

Of  course,  no  wise  man  will  proclaim  a  general  principle  from  a  single  series  of  ex- 
periments. Still  these  results  are  certainly  striking  and  suggestive.  There  are  two 
questions  in  particular  which  they  suggest  auew  to  me,  as  doubtless  they  bave  done 
to  you. 

First.  Where,  how,  and  in  what' quantities  can  nitrogen  be  used  with  profit  to 
grow  cotton  t 

Second.  If  this  element,  which  is  already  scarce  and  costly,  and  growing  scarcer 
and  costlier  year  by  year,  is  necessary  to  make  cotton  grow,  is  it  better  for  planters 
to  send  their  money  to  distant  dealers  who  must  search  the  North,  East,  and  West,  and 
even  send  to  foreign  lands  to  obtain  it,  or  to  utilize  a  home  product  that  furnishes  the 
nutrition  at  vastly  less  cost  and  a  lot  of  phosphoric  acid  and  potash  besides?  The 
farmers  and  planters  of  Georgia  and  other  Southern  States  are  importing  millions  of 
dollars'  worth  of  nitrogen  every  year.  Ir  this  wise,  and  how  can  the  question  as  to 
the  economy  be  solved  otherwise  than  by  direct  experiment  ? 

I  have  thus  hastily  and  crudely  set  down  some  of  the  things  that  first  occur  to  me 
from  very  brief  study  of  your  experiment.  My  object  is  not  to  assume  the  position  of 
interpreter,  but  rather  to  inciuire  if  these  ideas  agree  with  your  own,  and  to  ask  if 
you  will  not  kindly  favor  me  with  your  own  interpretations  and  suggestions.  I 
should  regard  it  as  an  especial  favor  if  you  would  furnish  me  your  comments  for  pub- 
lication with  your  exi>eriment. 

To  this  Professor  Stubbs  replied  as  follows : 

I  refrained  from  the  discussion  of  the  result  of  the  experiments  in  extevio^  l)ecause 
I  have  discussed  the  questions  involved  in  an  official  report  now  in  press.     In  uiak- 
this  series  of  experiments  I  had  the  following  questions  in  view  : 
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Ist.  Which  of  the  valnable  ingredients  of  manure,  nitrogen  (or  ammonia),  phos- 
phoric acid,  and  potash,  are  needed  by  cotton  on  our  soil  ? 

2d.  Which  form  of  nitrogen  is  best  adapted  to  the  requirements  of  cotton,  the  uitro- 
gen  being  famished  in  the  form  of  nitrate  of  soda,  sulphate  of  ammonia,  di'ied  blood, 
and  cotton-seed  meal  ? 

3d.  If  nitrogen  is  needed,  what  amount  is  necessary  to  make  a  maximum  crop  at 
greatest  profit  ? 

Nearly  all  of  these  questions  were  decided  to  my  own  satisfaction  by  a  series  of 
caiefiilly  conducted  experiments  extending  through  five  years  ou  my  plantation  near 
this  place,  several  years  since.  They  have  been  repeatedly  published,  all  tending  to 
show  that  &ur  soi^  results  ft'om  disintegration  of  metamori)hic  rocks,  principally  hom- 
blendic  and  feldspathic,  showing — 

Ist.  No  need  of  potash  for  cotton. 

2d.  Decided  need  of  phosphoric  acid  in  soluble  forms. 

3d.  A  small  advantage  from  nitrogen  in  moderate  quantities. 

Upon  soils  rich  in  vegetable  matter,  the  last  deduction  may  be  amply  modified,  but 
our  great  want  for  cotton,  and  it  seems  to  prevail  throughout  the  older  cotton  States, 
is  soluble  phosphoric  acid.  Ou  worn-out  soils  a  small  amount  of  nitrogen  also  seems 
to  be  required. 

'  The  most  favorable  proportion  seems  to  be  about  three  parts  nitrogen  to  ten  of  phos- 
phoric acid.  Cotton-seed  meal  has  been  practically  tested  by  myself  alongside  of  other 
nitrogenous  material,  time  and  again,  and  has  always  proved  equal  in  fertilizing  value, 
and  cost  less  than  other  nitrogenous  fertilizers.  So  decided  have  been  the  results  of 
these  experiments  that  for  four  years  I  have  not  bought  an  ounce  of  manipulated 
gaano  or  chemical  salts,  other  than  dissolved  bone  and  cotton-seed  meal.  A  mixture 
of  these  two  furnishes  a  manure  for  cotton,  which,  I  think,  cannot  be  surpassed  by 
any  other  mixture.  I  have  found  but  one  other  equal  or  superior  to  it,  and  that  is  a 
compost  of  cotton-seed,  stable  manure,  and  dissolved  bone. 

In  speaking  further  of  the  poor  economy  of  purchasing  nitrogenous 
material  outside,  and  the  better  policy  of  using  cotton-seed,  Professor 
Stubbs  continues  : 

Let  us  compare  results.  A  fertilizer  containing  3  per  cent,  of  nitrogen  and  10  per 
cent,  of  available  phosphoric  acid,  sells  here  for  $45  per  ton  cash,  or  for  a  bale  of 
cotton  on  time.  A  fertilizer  made  of  equal  parts  of  a  high  grade  of  dissolved  bone, 
costing  here  $30,  and  showing  14  or  16  per  cent,  of  available  phosphoric  acid,  and 
cotton-seed  meal  which,  costing  $20  per  ton,  will  contain  3^  per  cent,  of  nitrogen,  and 
8i  to  9^  per  cent,  of  available  phosphoric  acid,  and  will  cost  $25  per  ton.  Hence  you 
get  nearly  two  tons  of  the  latter,  strictly  pure,  at  the  cost  of  one  of  former,  which 
would  be  up  to  the  standard.  I  use  annually  20  tons  of  the  mixture,  which  costs  me 
leas  than  $20  per  ton,  while  my  neighbor,  who  buys  on  time,  pays  20  bales  of  cotton 
for  the  same  amount,  and  here  is  the  secret  of  failure  to  use  cotton-seed  meal  in  larger 
quantities  as  a  manure.  It  sells  for  cash,  and  our  cotton  i)lanters  buy  little  or  noth- 
ing that  way. 

Nearly  all  of  our  cotton-seed  meal  goes  to  Europe  and  North  to  be  used  for  feeding, 
while  both  our  lands  and  our  stock  cry  oiit  against  this  unnatural  deprivation.  But 
a  change  is  gradually  being  wrought.  Already  a  large  company  is  operating  in  this 
State  manufacturing  a  high  grade  of  goods  out  of  cotton-seed  meal  and  a  high  grade 
of  dissolved  bone.  But  they  tell  on  time,  and  will,  I  expect,  make  a  large  profit.  So 
much  for  results  of  other  experiments  of  which  these  are  confirmatory.  Now  to  ex- 
periments themselves.  1st.  Potash  gives  no  increase.  2d.  Phosphoric  acid  brings 
decidedly  good  returns.  .3d.  Nitrogen  increases  the  yield  a  little.  4th.  Increase  of 
the  nitrogen  is  practically  of  little  use  even  if  not  detrimental.  5th.  Cotton-seed  meal 
is  decidedly  the  cheapest  form  of  nitrogen.  These  are  my  conclusions  from  experi- 
ments.   Let  us  discuss  them. 
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Ifit.  In  experiment  No.  4  (potash  alone)  the  yield  is  less  than  Na.  I  (with  nothing) 
just  the  difference^  I  think,  between  the  natural  fertility  of  the  two  plots. 

3d.  Phosphoric  acid  increased  every  yield  where  it  was  used,  and  this  has  been  tbe 
universal  result  of  all  experiments  in  cotton  in  North  Carolina,  South  Carolina, 
G^rgia,  and  Alabama.  (In  black,  cretaceons  prairie  cotton  belt  of  latter  State  fer- 
tilizers have  not  been  used  as  yet,  and  hence  this  area  is  not  included  in  assertion. 
Will  try  some  this  year  on  these  soils  to  test  this  question. ) 

Phosphoric  acid  has  the  decided  tendency  in  cotton  to  make  fruit,  so  much  so  that 
in  Experiments  2  and  3,  until  they  began  to  fruit,  no  difference  in  appearance  was 
perceptible.  As  soon  as  they  began  to  take  on  '^  squares ''  the  difference  was  very  per- 
ceptible. Again,  phosphoric  acid  has  a  decided  tendency  to  hasten  maturing,  an  im- 
portant item  here,  since  the  caterpillar  almost  invariably  more  or  less  injures  our  late 
cotton. 

3d  and  4th.  Nitrogen  alone  increases  the  crop  only  a  little.  This  it  does  by  increas- 
ing size  of  plant  and  thus  enabling  it  to  grow  larger  and  more  exteaded  roots,  by  vir- 
tue of  which  a  larger  amount  of  phosphoric  acid  is  gathered,  whieh  really  increases 
the  ultimate  production ;  but  the  land  is  always  overcropped  thereby,  and  shows 
evidence  of  it  the  next  summer.  For  the  same  reason,  on  most  soils,  a  small  addition 
of  nitrogen  to  dissolved  bone  is  beneficial,  since  its  increase  of  roots  and  stalks  enables 
the  plant  to  utilize  the  phosphoric  acid  more  completely,  and  perhaps  also  to  draw  an 
extra  quantity  from  the  soil ;  but  if  an  extra  amount  of  nitrogen  is  used,  the  organs 
of  vegetation  are  developed  too  long  into  the  season  to  admit  of  a  large  crop.  This 
is  especially  true  during  a  wet  season.  All  the  energy  of  the  plant  is  exerted  in  mak- 
ing vegetation,  and  often  the  frost  catches  it  just  as  it  begins  to  fruit  well.    This  is 

• 

especially  true  of  cotton,  since  it  is  a  perennial  plant,  and  if  furnished  with  excess  of 
nitrogen  will  continue  to  grow,  making  but  little  fruit,  until  checked  by  drought  or 
cold.  Farmers  in  rich  bottom  correct  this  tendency  by  topping.  In  this  way  I 
readily  account  for  loss  where  two  or  three  rations  were  used.  All  those  experiments 
where  two  and  three  rations  of  nitrogen  were  used  were  green,  growing,  blooming, 
fruiting,  and  luxuriant  when  killed  by  frost.  Further  evidence  can  be  found  in 
amounts  picked  at  various  times ;  while  nearly  three-fourths  of  Experiments  3,  5,  7, 
8,  9,  14,  17,  and  22  were  gathered  by  October  1,  Nos.  10,  13,  14,  12,  16,  17,  19,  and  30 
not  one-half  and  in  some  instances  not  one-third  were  gathered  by  that  time.  Again, 
with  these  larger  rations  of  nitrogen,  should  a  severe  drought  prevail,  the  plant  is 
always  burned  or  "  rusted  '^  to  a  disastrous  extent,  and  hence  loss. 

Either  horn  of  dilemma  is  dangerous.  Extremly  propitious  seasons,  with  frost  de- 
ferred till  winter,  only  can  insure  a  success  with  large  quantities  of  nitrogen,  and 
then  only  when  phosphoric  acid  is  furnished  in  larger  quantities,  either  by  the  soil 
or  artificially.  Just  here  let  me  remark  that  the  cotton  plant  is  worthy  of  a  thorough 
scientific  study.  It  has  a  large  leaf  surface,  endowed  with  power  to  assimilate  a 
large  quantity  of  nitrogen  when  grown  on  a  poor  soil.  If,  as  it  has  been  asserted, 
every  plant  is  capable  of  assimilating  the  nitrogen  of  air  in  proportion  to  extent  of 
leaf  surface,  then  cotton  should  stand  in  the  front  rank  as  a  '^  green  manuring  crop/' 
and  this  is  claimed  for  it  by  some. 

In  a  published  report  of  these  experiments,  Professor  Stubbs  com- 
pares in  detail  the  eiiects  of  nitrogen  in  different  forms  and  combina- 
tions as  compared  with  its  cost,  and  concludes  as  follows : 

Hence  the  value  of  nitrogen  in  cotton-seed  meal  as  a  fertilizer  for  cotton  is  but 
little  inferior,  if  not  equal,  to  nitrogen  in  that  form  which  is  universally  acknowl- 
edged to  be  the  best  and  highest,  viz.,  nitrate  of  soda.  Therefore,  I  say  with  proper 
economy,  with  proper  utilization  of  his  own  cotton  seed,  supplemented  by  such  home- 
ma<le  manures  (rich  in  nitrogen),  as  can  be  made  and  saved  upon  every  plantation, 
the  southern  planter  needs  no  imported  nitrogen  to  grow  his  crops. 

When  we  remember  the  proximity  of  the  large  phosphatic  beds  of  Charleston,  S.  C.^ 
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ODt  of  which  are  made  nearly  all  of  the  superphosphates  which  supply  oar  soils  with 
that  much  needed  ingredient,  phosphoric  acid ;  when  we  remember  that  our  chief  sta- 
ple can  he  furnished  with  all  the  needed  nitrogen  from  home  sources,  and  that  potash, 
when  needed,  can  he  obtained  from  the  ashes  of  our  extensive  forests,  thus  famishing 
from  southern  soil  all  the  needfdl  ingredients  to  grow  our  soathem  staple,  it  Is  with 
feelings  of  pride  and  pleasure  that  we  contemplate  the  vast  capabilities  and  magnifi- 
cent possibilities  of  southern  agriculture  in  the  near  future. 

PENNSYLVANIA    AGRICULTURAL     COLLEGE— EXPERIMENTS    BY    PRO* 

FESSOR  JORDAN. 

A  series  of  experiments,  upon  a  plan  closely  according  with  that  of 
the  *•  special  nitrogen  experiments''  above  described,  was  instituted  in 
1881  upon  two  of  the  experimental  farms  of  the  Pennsylvania  Agricul- 
tural College  by  Prof.  W.  H.  Jordan,  formerly  of  the  Maine  State  Col- 
lege, whose  experiments  on  the  farm  of  the  last-named  institution  have 
already  been  mentioned.    (See  Appendix  Tables  I  and  VIII.) 

The  following  accounts  of  the  Pennsylvania  experiments  are  quoted 
from  advance  sheets  of  Professor  Jordan's  report  for  1881,  kindly  fur- 
nished for  the  purpose  : 

TLAN   OF  THE   EXPERIMFNTS. 

The  general  plan  of  the  experimeRts  herewith  reported  is  as  follows:  The  fertilizera 
are  to  be  used  on  a  rotation  of  crops,  each  rotation  occupying  four  years.  The  order 
will  be  com,  oats,  wheat,  and  grass.  The  fertilizers  to  be  applied  only  twice  dnring 
«ach  rotation  to  the  com  and  wheat.  The  plotfi  are  accurately  measured,  and  th& 
fertilizers  used  and  the  crops  produced  are  in  each  case  carefully  weighed.  The  same^ 
fertilizers  are  to  be  applied  to  the  same  plots  each  time,  several  plots  not  receiving 
any  fertilizer  at  all.  The  various  manures  used  will  be  phosphatic,  potassic,  nitrogen- 
ous, and  mixtures  of  two  or  all  three  of  these ;  yard  manure  alone  and  with  lime ; 
lime,  ground  limestone,  and  plaster. 

The  pointB  to  be  given  special  attention  are  the  following : 

First.  The  necessary  ingredients  of  a  fertilizer  for  continued  use,  with  especial  ref* 
erence  to  the  nitrogen  supply. 

Second.  The  relative  effect  of  the  same  fertilizer  upon  different  crops. 

Third.  The  relative  effect  of  a  continued  use  of  commercial  fertilizers  and  of  yard 
manure. 

Fourth.  The  benefits  of  lime,  ground  limestone,  and  plaster. 

The  experiments  conducted  the  past  season  were  with  corn  and  oats  on  the  central 
farm,  and  with  com  on  the  eastern  farm. 

REPORT  OF  EXPERIMENT  WITH  OATS  ON  THE  CENTRAL  FARM,  1881. 

Conditions  of  experiment. — The  soil  of  the  experimental  plots  on  this  form  is  essen- 
tially a  "limestone  clay."  It  is  rather  tenacious  and  heavy  when  wet,  but  dries 
off  rapidly  after  a  rain,  the  natural  drainage  being  good.  The  plots  on  which 
the  oats  were  sown  were  planted  to  corn  in  1880.  Previous  to  that  the  land  had 
grown  a  rotation  of  crops,  but  had  received  no  manure  for  five  years.  In  1880  the 
plots  all  received  an  application  of  yard  manure,  with  the  exception  of  one  or  two* 
Although  the  plots  had  been  used  for  experimental  purposes  previous  to  this  year, 
the  differences  in  the  manuring  was  so  slight  in  most  cases,  and  so  much  time  had 
elapsed  since  the  application  of  any  manure,  it  is  believed  that  the  results  are  not 
seriously  affected  by  previous  conditions,  especially  as  in  the  past  the  treatment  of 
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the  plots  pertained  mostly  to  methods  of  plowing,  and  of  care  of  the  crops,  rather 
than  to  radical  differences  in  the  manures  used. 

The  size  of  the  plots  is  260  feet  long  by  21  feet  wide,  each  containing  oue-eightJi  of 
an  acre. 

In  the  experiment  on  oats,  the  method  of  cnltivation,  time  of  sowing,  amoant  of 
seed,  and  time  of  cutting  were  the  same  for  KU  the  plots. 

The  land  was  plowed  in  the  spring,  after  which  the  commercial  fertilizers  were 
sown  broadcast  and  harrowed  in,  the  yard  manure  having  been  spread  on  the  sod  and 
plowed  under.  The  lime,  ground  limestone,  and  plaster  were  also  sown,  and  hir- 
rowed  in  after  plowing.  Four  quarts  of  Excelsior  oats  were  sown  on  each  plot,  or 
at  the  rate  of  two  bushels  per  acre.  The  seed  was  sown  in  April  22,  and  the  oate 
"were  cut  July  18. 

In  the  following  table  are  shown  the  arrangement  of  the  plots,  the  kinds  and  quan- 
tities of  fertilizers  applied  per  acre,  the  quantities  of  valuable  ingredients  contained 
in  the  fertilizers,  and  the  yield  of  oats  and  straw  per  plot  and  per  acre. 

The  percentages  of  valuable  ingredients  in  the  materials  used  were  as  follows :  Dis- 
solved bone,  16  per  cent,  available  phosphoric  acid ;  muriate  of  potash,  50  per  cent. 
potash;  dried  blood,  10  per  cent. nitrogen ;  nitrate  of  soda,  15  per  cent,  nitrogen; 
■sulphate  of  ammonia,  20  per  cent,  nitrogen.  The  yard  manure  was  that  produced 
by  fattening  steers  fed  upon  corn  meal  and  corn  fodder.  It  contained  considerable 
litter. 
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Table  A — Showing  results  of  experiment  icith  fertilizers  on  oatSj  conducted  at  the  cen- 
tral farm. 


A.— Valuable  in-  C  \ 
(;TedieDt6<  i 
singly.        ( 


B.-Valuable  in- 
gredien  t  s 
two     by"* 
two. 


C— Complete  ' 
fertilizer,  t 
with  nitro- 
gen in  dif- 
ferent pro- 
porti  o  n  B  ;  '^ 
nitrogen 
famb  bed 
bv  dried 
blood. 


B .  — C  omni  ercial 
fertilizers 
and  yard 
man  ure 
compared 
— fertilz. 
ersaainC 


S.-Effect 
lime. 


1 


F.— Complete  [ 
fertilizer,  \ 
with  nitro- 
gen in  dif- 
ferent pro-  ■ 
porti  o  n  9  ;  ^ 
nitrogen 
fami8  h  e  d 
by  nitrate 
of  Hoda. 

0.— Complete  ( 
fertilizer,  t 
with  nitro- 
een  in  dif- 
ferent pro- 
portionn  ; 
nitrogen 
famiiihed 
by  sul- 
phate o  f 
ammonia. 


9 

"a 

o 
u 

J 

5 


1 
2 
3 
4 

8 

13 
14 
15 
16 

"{ 

L8 


19 
20 

< 

23 
24 
25 

26! 


28[ 


29 
30 1 


31 


{ 


Z% 


Kind  of  fertilizer. 


Quantities  of  val-  | 
aable    ingredi-  i  Production 
enta  applied  ,    per  plot, 
per  acre. 


a 


a 
8 


c 

Is   I 


o 
flu 


5 
5 


yothing 

Dried  blood 

Biaaolred  bone 

Muriate  of  potaah. 
Disaolved  bone — 

Dried  blood 

Muriate  of  potaah. 

Dried  blooa 

Disaolved  bone — 
Muriate  of  potash. 
Nothing 


Us, 


320 
300 
200 
300 
320 
200 
320 
300 
200 


Lha.  I  Lbs.    L6s. 


32 


48 


48 


100 


32 
32" 


100 


48 


100 


Mixed  minerals* 

Dried  blood 

Mixed  minerals* . 

Dried  blood 

Mixed  minerals*, 

Dried  blood 

Mixed  minerals*. 
Dried  blood 


240 
480 


24 
48' 


.'      48     100 
'48*    ioo' 


720 
240 
320 


72 


48 

48 


24 


Plaster  .  

Nothing 

Mixed  minerals* ' 

Yard  manure 12, 000     52.  4 

Mixed  minerals* .... 

Dried  blood 

Yard  manure  

Mixed  minerals* 

Dried  blood 

Yard  manure '  20,000 

Mixed  minerals* 

Dried  blood 720 


48 
25 
48 


100 

loo' 


100 
60.4! 

IOO    i 


340     24 
16,000 


72 


34 
48 


480     48 
90 


Yard  manure .   . . 

Lime 

Lime 

Nothing 

Mixed  minerals* . 

Mixed  minerals*. 
Nitrate  of  sod  a... 


12,000 
500 
500 


72 
52.4 


42 

48 


25 


48 
48 


160     24 


83 
100 


104 
100 


60.4 


Lbs. 
148 
156 
173 
172 

1 177 

1 152 

1 150 
115 

1 198 
J  203 
^207 
il90 

167 
169 
206 

179 

1 199 
187 

1 211 

200 

^228 

J  204 


100 
100 


196 
188 
225 


Mixed  miner&ls*. 
Nitrate  of  soda... 


48 


320     48 


Mixed  minerals* 

Nitrate  of  soda 

Mixed  minerals* 

Mixed  minerals* 

Sulphate  of  ammonia . . 


480     72 


100 


48  '  100 


48 
48 


100 
100 


120     24 


1 205 

^98 

248 
^49 


Mixed  minerals' 

Sulphate  of  ammonia . . 


240     48 


48     100      ) 
....  > 


33       ~ 
34 


Mixed  minerals* 

Sulphate  of  ammouia 
Plaster    

Ground  limestone 


48  ;  100       ? 


360  , 

320  ! 
500  I 


72 


36       Nothing 


Production 
per  acre. 


02 


SB 

o 


Lbs.  Bush. 
387     37 
485     38.7 
535     43. 2 
538     40 

550     44.2 

416  .  38 

480  I  37.5 
300     28. 8 


565  :  49. 5 
620  50. 7 
650  51.7 
610     47. 5 


.  229 

184 
198 

I  210, 

184 


480 
490 
585 
545 


38.6 
39:  L 
51.5 

44.7 


620  49.7 

565  46.7 

710  52. 7 

586  50 


735     57 


600     51 


I 

Lbs. 

•  3,096 
'  3,880 

4.280 
4,304 

•  4.400 

j  3,328 

3,840 
2,400 

4, 520 

4,960 
5,200 
4,880 

3,840 
3,920 
4.680 
4,360 

4,960 

4.520 

5,680 

4,688 

5,880 


4,800 

560  49  4, 480 
568  47  4, 524 
715     56.3  i  5,720 


I 


254  ;    815     63. 5  !  6,  520 


715     5L3  ,  5,720 


720     49. 5     5, 760 


740     62 
772     62. 5 


218       762     54. 5 


754     57. 3 


548 
582 

680 

6.')2 


46 
49 

52.5 

46 


5,  920 
6,176 

6,096 


6,032 

4,  i5o4 
4,656 

5,440 

5.216 


*The  term  "mixed  minerals"  is  used  to  designate  the  fertilizer.'^  applie<l  to  Plot  7,  viz,  dissolved 
•oae,  300  pounds  per  acre,  and  muriate  of  potanh,  200  pound**, 
t  A  combination  of  dissolved  bone,  muriate  of  potasu,  and  some  nitrogenous  fertilizer. 
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In  the  next  table  are  given  the  average  results  where  several  plots  are  manured  in 
essentially  the  same  manner.  For  instance,  there  are  four  sets  (C,  D,  F,  and  G  of 
previous  table)  of  plots  in  which  mineral  fertilizers  alone  (fertilizers  containisg 
phosphoric  acid  and  potash,  but  no  nitrogen),  and  the  same,  combined  with  varying 
quantities  of  nitrogen,  are  used,  the  only  difference  being  that  the  nitrogen  is  not 
furnished  by  the  same  maxerial  in  every  set. 

In  order  to  see  the  effect  of  using  no  nitrogen,  or  of  using  it  in  small  or  large  quan- 
tities, the  average  of  these  four  sets  of  plots  is  given. 

Three  plots  (16,  18,  and  20  of  previous  table)  were  manured  with  bam- yard  manure, 
and  the  figures  given  represent  their  average  production. 

It  is  believed  that  these  averages  represent  very  fairly  the  effect  of  the  various  fer- 
tilizers, as  the  plots  receiving  no  fertilizer  and  those  manured  alike  are  quite  well 
distributed  over  the  experimental  ground. 

Table  B— Summary  of  Table  A. 


Qaantities  of  val- 
uable iD^i^redi- 
ents  applied  per 
acre. 


Yield  per 


acre. 


Increase    i 
over  yield,     Pecaniaiy 

witli   DO    ,     results.  * 
fertilizer.    I 


Kind  of  fertilizer. 


Averajreof 

5  plots. 
One  plut. . 
One  plot. . 
One  plot.. 


Nothing 


u 

•^. 

u 

. 

o    . 

a 

MITS     , 

& 

o 

2 

•*if 

ja 

J5 

^ 

Lbi. 

Lbt. 

M 
X 
ee 

o 

Pi 


5 

se 
O 


S 

o 


03 


Lbg.  litw.t  I  Lbs.  BusA    Lbs. 
39.6    3,8301 


o  p.! 


^  U  3 


*  5    "SS* 


c 
O 


32 
32 


24 

48 

72 

72 


48 

■  •  • 

48 

48 

48 

48 
34 


100 

100 
100 
100 
100 
100 


38.7 
43.2 
40. 


44.2 

38 

51.8 


Driedblood  I      32 

Disaolved  bone ' '      48 

Muriate  of  potaHh I 

One  lilot       I  (Dried  blood l\ 

unepioi...  )  Dissolved  bone 5 

r%n^  ^^r^*        (Driedblood \ 

One  plot. . .  5  Muriate  of  potash I 

Averageof    \  Dinnolved  bone ( 

4  plots.       )  Muriate  <f  pota8h.  ^    > 

Averaceof.  (  Mineral  fertilizerH  &  Hniall-  ( 

4  plots. II      }     eat  Araonnt  of  nitrojien  ..  > 
Averageof.  \  Mineral  fertilizers  and  me-  i 

4  plots.  II      \     dium  amount  of  uitrocen.  > 
Averageof.  I  (  Mineral  fertilizers  and  uirg-  )  \ 

4  plots.  II      i     est  amount  of  nitrogen.      5 
ATerage  of.  |  Yard  manure.  H 

3  plots.  II  I 
Averageof    Plaster , 

2  plots.     I 

One  plot...    Lime  (caustic) 49 

One  plot.  - .    Ground  limestone I  1 '  49 


3, 880  _o.  9 
4,280      3.6 


4,304 

4, 400 ' 

3,328 
5,040 


0.4 
4.6 


50 
450 
474 


$7  50 
5  25 
4  50 


-1.6 

12.2 

56.3    6,529    16.7 

52  3    5,  619    12.  7 

53. 9    5, 718  '  14. 3 


570    10  88 

-502 1 10  18  I 

1, 210     9  75 1 


1,699 
1.789 


15  38 
21  00 


1,888  I  26  64 


82i   47.1  14,522 
....    42.3    4.105 


4,480 
4,656 


7.5 

2.7 

9.4 
9.4 


692 

**8  00 

275 

1  00 

650 
826 

10  00 
10  00 

$2S8 
1  38 

372 


9  11 

12  » 

10  84 

11  97 
54t 

205 

731 

m 


t  Estimated  on  the  basis  of  32  pounds  to  the  bushel. 

*  The  oats  are  reckoned  at  $0.50  per  bushel,  and  the  straw  at  $5  per  ton. 

§  The  same  as  "mineral  fertilizers."    Wherever  the  terra  "  mineral  fertilizers"  occurs,  it  means  3«0 
pounds  dissolved  bone  and  200  pounds  muriate  of  potash  to  the  acre. 

11  In  two  sets  of  plots  the  nitrogen  was  furnished  by  dried  blood,  in  one  bv  nitrat*  of  soda,  and  in  one 
by  sulphate  of  ammonia. 

*1I  Composition  assumed  to  be  the  same  as  that  given  in  Wolff's  tables  for  fresh  yard  manure.  The 
composition  ansumed  is  very  nearly  like  that  of  stable  manure  as  analvzed  at  the  Connecticut  Experi- 
ment Station. 

I  The  cost  of  iertilizers  per  acre  is  net  based  upon  their  actual  cost  at  the  college,  but  upon  what  is 
a  fair  price  at  points  easy  of  access.    $5  per  ton  is  allowed  for  transpoilation  and  handling. 

**  Based  upon  the  cost  near  the  college,  viz..  about  one  dollar  per  ton.    Xear  citiea  the  pri« 
be  $4  per  ton,  at  least. 


price  woold 


There  are  a  few  poiuts  that  can  be  noted  with  protit,  even  in  the  results  of  one 
year's  experiment  : 

1.  The  comparative  ineflicieucy  of  the  commercial  fertilizers,  containing  but  a  sin- 
gle valuable  ingredient,  as  the  dried  blood,  dissolved  boue,^or  muriate  of  potash. 

2.  The  combiuation  of  phosphoric  acid  and  potash  (mineral  fertilizers)  caused  a 
much  better  yield  than  either  alone,  and  nearly  as  great  a  yield  as  when  uitrogftn 
was  added. 
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3.  Anything  more  than  a  small  quantity  of  nitrogenous  fertilizer^  combined  with 
the  mineral  fertilizers,  failed  to  produce  an  increase  of  crop.  There  seemed  to  be  no 
difference  in  this  respect  between  the  dried  blood,  the  nitrate  of  soda,  or  the  sulphate 
of  ammonia,  used  to  furnish  the  nitrogen.  This  failnte  of  nitrogenous  fertilizers, 
whether  used  on  grain  or  corn,  to  do  any  better  with  72  pounds  of  nitrogen  to  the 
acre  than  with  24  pounds,  is  in  accordance  with  a  large  number  of  results  arrived  at 
in  experiments  under  the  direction  of  Prof.  W.  O.  At  water.  (Report  of  Connecticut 
State  Board  of  Agriculture,  1880.) 

Mr.  J.  B.  Lawes,  the  noted  English  experimenter,  thinks  that  we  fail  to  see  marked 
results  follow  the  use  of  nitrogenous  fertilizers  on  grain  simply  because  there  is  such 
a  store  of  orgaixic  nitrogen  in  the  soil  that  the  plants  receive  sufHcient  supply  with- 
out the  aid  of  artificial  manures.  If  these  experiments  be  continued  through  a  series 
of  years,  supplying  the  same  plot-s  each  time  with  mineral  fertilizers  alone,  and  other 
plots  with  mineral  fertilizers  and  nitrogen,  the  capacity  of  the  soil  and  air  for  fur- 
nishing a  continuous  necessary  quantity  of  nitrogen  will  be  tested.  It  is  the  plan 
to  do  this  on  the  college  farms.  It  is  certain  that  the  crop  produced  by  uiineral  fer- 
tilizers alone  succeeded  in  getting  not  far  from  60  pounds  of  nitrogen  without  the  aid 
of  manure  of  any  sort.  Below  is  a  table  showing  the  amount  of  uitrbgen  supplied 
by  the  fertilizers,  the  amount  taken  up  by  the  crop,  and  the  increased  amount  taken 
up  because  of  the  use  of  the  various  manures: 


Kind  of  fertilize ni. 


Kothinff ^. 

Mioerai  fertilizers 

lOnerml  fertilisers  and  one-third  quantity  nitrogen. .. 
Ifineral  fertilizers  and  two-thirds  qnantity  nitrogen. . 
HiBeral  fertilizers  and  three-thirds  qoantity  nitrogen. 
Tud  manure 


u-Si 

tin 

|gi 

p  c<*« 


Poundn. 


a  a 


*'3  *  ''•a 


24 
48 
72 
72 


♦*  *•_ 

C3  -*itf  OB 

OP 


Pmtnd9. 
45.8 
50.6 
05.4 
63.3 
64.7 
54 


I 


p  o. 

Ml 

e  I 
PoundM. 

iis* 

19.6 
17.5 
1&9 

a2 


In  calculating  the  above  table  it  is  assumed  that  the  grain  and  straw  have  the  same 
composition  for  all  the  plots.  Probably  the  percentage  of  nitrogen  is  higher  for  those 
plots  receiving  nitrogenous  fertilizers  than  in  the  others,  but  the  difference  would  not 
be  so  large  as  to  destroy  the  value  of  the  above  comparison. 

One  practical  point  involved  in  the  use  of  nitrogenous  fertilizers  is  that  of  their 
great  cost.  One  pound  of  nitrogen  costs  as  much  as  two  pounds  of  phosphoric  acid 
or  four  pounds  of  potash.  Its  presence  in  a  commercial  fertilizer  in  any  quantity  in- 
creases largely  the  cost  of  that  manure.  If  this  expense  can  be  avoided  for  the  pres- 
ent at  least,  it  will  be  a  great  saving  to  the  farmer. 

4.'  The  yard  manure  failed  to  produce  as  large  a  crop  of  either  grain  or  straw  as  did 
the  mineral  fertilizers  or  the  complete  fertilizer  (mineral  fertilizers  combined  with 
nitrogenous). 

As  the  manure  was  but  little  decomposed  when  applied,  it  is  not  strange  that  it 
&iled  to  furnish  a  large  amount  of  plant  food.  It  is  generally  believed  that  the  effect 
of  yard  manure  extends  over  a  longer  period  of  time  than  that  of  commercial  ferti- 
lizers,  a  large  part  of  its  benefit  being  felt  by  the  second  or  even  third  crops  after  its 
Application.  The  crops  on  these  plots  for  the  next  few  years  will,  probably,  throw 
some  light  on  this  point. 

5.  The  plaster,  lime,  aud  ground  limestone  did  not  seem  to  materially  increase  the 
^siop  over  that  of  adjacent  plots  which  received  no  manure.  Neither  did  the  ground 
■hmestone  seem  to  possess  any  advantages  over  the  burned  lime. 
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6.  None  of  the  fertdlizers  paid  for  themselves,  not  even  the  yard  manure  at  one  dol- 
lar i»er  load  of  two  thousand  pounds.  The  profits  resulting  from  the  use  of  the  ferti- 
lizers cannot  be  estimated  until  one  or  perhaps  two  rotations  are  past.  The  land  if 
now  in  pretty  good  condition,  and  is  capable  of  nourishing  a  fair  crop  without  tbe 
aid  of  manure,  but  those  plots  not  fertilized  will  undoubtedly  begin  to  show  the  effect 
of  cropping  after  several  years,  whereas  the  plots  manured  will  be  kept  up  to  a  good 
standard.    When  that  time  arrives  the  effect  of  the  fertilizers  will  be  more  marked. 

These  plots  were  manured  exactly  as  for  oats,  and  were  sown  to  wheat  in  Septem- 
ber. There  is  already  a  marked  difference  in  the  growth  of  the  wheat  on  these  varioas 
plots.    The  result  will  be  reported  in  due  time. 

If  space  permitted,  I  should  be  glad  to  quote  in  detail  the  accounts 
of  other  experiments  by  Professor  Jordan.  It  seems  necessary,  how- 
ever, to  give  only  a  general  summary. 

EXPERIMENT  WITH  CORN   ON   THE  CENTRAL  FARM,  1881. 

Conditions  of  experiment — The  kind  of  soil,  previous  treatment,  siie 
of  plots,  and  method  of  application  of  fertilizers,  were,  as  in  the  exper- 
iment on  oats  above  described,  **only  in  the  case  of  the  plots  used  for 
the  corn  there  had  been  no  manure  of  any  kind  applied  to  the  land  for 
five  years.  The  plots  which  were  in  a  partial  clover  sod  were  plowed 
in  the  spring,  a  short  time  before  planting  the  corn."  The  fertilizers  were 
the  same  and  applied  in  exactly  the  same  order  as  in  the  oat  experiment. 

"  The  growth  of  the  crop  was  checked  by  the  drought,  extending 
through  July,  August,  and  September.  At  no  time  during  the  season 
could  any  difference  be  seen  in  the  development  of  the  corn  on  the 
various  plots,  either  as  to  quantity  of  growth  or  in  any  other  particular.'' 

The  following  table  gives  a  summary  of  results,  as  was  done  in  Table 
B  with  results  of  experiments  with  oats : 


Table  C. — Summary  of  experiment  icithcom. 


Quantitiee  of  val* 

oable  ineredi- 

ents  applied  per 

aore. 


Kind  of  fertilizer. 


Averase  of  5  ploto. 

One  plot 

One  plot 

One  plot 

One  jjlot 

One  plot 


Ayerage 

Avecage 

Average 

Average 

Average 
Average 


of  5  plots. 

of  4  plots. 

of  4  plots. 

of  4  plots. 

of  3  plots, 
of  2  plots. 


Nothing 

Dried  blood 

Dissolved  bone 

Muriate  of  potash 

Dried  blooil,  dissolved  bone. 

Dried  blood,  muriate  of  pot- 
ash. 

Dissolved  bone,  muriate  of 
potash. t 

Mineral  fertilizers,  and 
sniallest  amount  nitrogen. 

Mineral  fertilizers,  and  me- 
dium amount  nitrogen. 

Mineral  fertilizers,  and 
largest  amount  nitrogen. 

Yard  manure 

PlftKier  


a 

6 
tsC 


^ 


Lbs. 


'  .2 

i   ©_: 

i   g5 

.a 


Lbs. 


32 


48 
'48 


32 


I 


24 

48 


72 


72 


48 
48 
48 
48 
34 


x: 

X 

s 

9 
Pi 


Lbs. 


100 
100 
100 

100 

100 

100 

100 

83 


Yield  per 
acre. 


h 
o 


Bus. 

33 

34.7 

35.2 

35.7 

37.8 

35.2 

35 

34.5 

32.9 

30.1 

37.7 
31.8 


o 


Lbs. 

2,373 

2,576 

2,480 

2,640 

2,440 

2,800 

2,  292 

2,  248 


I&creaM 
over  yield 
,  with  BO  fer- 
tilizers. 


B 
O 


3 


Bus."  IM. 


1.7 
2.2 
2.7 
4.8 
2.2 

o 


365 
liff 

s: 

-a 

-13S 


L5 

2,224  I I-14» 

2,230   —2.9     -143 

2,  -208       4. 7     -le 
2,260   —1.2     -IIJ 


Shelled  torn. 


Same  as  "mineral  fertilizers.'' 
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EXPERIMENTS  WITH  CORN,  EASTERN  EXPERIMENTAL  FARM,  1881. 

The  following  experiment,  also  reported  by  Professor  Jordan,  was 
conducted  by  Mr.  J.  Fremont  Hickman,  snperintendent  Eastern  Ex- 
perimental Farm,  West  Grove,  Pa.  The  plan,  it  will  be  noticed,  is  es- 
sentially similar  to  that  of  the  nitrogen  experiments  described  above. 

(See  Table  III  in  appendix.) 

• 

The  plots  npon  which  the  experiments  were  made  were  of  equal  size,  viz.,  one- 
twentieth  of  an  acre  each.  The  ground  was  a  sod  of  three  years'  standing,  without 
haying  received  fertilizers  of  any  kind. 

Mr.  Hickman^s  observations  regarding  growth  and  appearance  of  the 
eom,  and  the  temperature  and  rain-fall,  are  so  much  to  the  point  that  I 
quote  them  in  full: 

0B8ERVAT1OXS. — During  the  growth  of  these  plots  careful  ohservations  were  taken 
every  two  weeks.  Previous  to  the  first  of  July  no  appreciahle  difference  could  he 
detected  in  their  general  appearance,  but  from  that  time  on  until  the  maturing  of  the 
crop,  some  slight  differences  were  noticeable.  No.  3,  the  plot  having  dissolved  bone 
hlack  alone,  was  noticed  to  have  a  more  uniform  growth  and  a  greater  average 
height  than  any  plots  near  it.  No.  5,  the  plot  having  dissolved  bone  black  and  dried 
blood  was  noted  as  being  better  in  appearance  than  any  that  preceded  it.  In  No.  8 
the  absence  of  a  fertilizer  was  very  plainly  marked.  No.  11  had  the  advantage  of  a 
more  healthy  color  than  No.  12,  but  the  growths  seemed  about  equal.  The  addition 
of  sulphate  of  ammonia  to  plots  18, 19,  and  20,  was  noted  as  being  apparently  without 
effect.  The  differences  above  noted  were  apparently  continued  until  the  maturing 
of  the  com.  The  slight  differences  in  appearance  during  growth  and  in  the  final  re- 
sults I  do  not  hesitat<e  to  attribute  to  the  extremely  dry  weather  of  the  com  season. 
There  follows  a  summary  of  the  temperature  and  rain-fall  for  the  season. 

TBMPERATURB8  AND  RAiN-FAUL.— We  havc  been  careful  to  record  the  tempera- 
tures of  the  weather  regularly  three  times  each  day,  viz.,  at  7  a.  m.,  at  2  p.  m.,  and 
9  p.  m.  Having  these  temperatures,  and  also  the  amount  of  rain-fall,  we  have  cal- 
ealated  the  average  temperature  of  each  month,  which  we  will  give  in  connection 
with  the  amount  of  rain-fall : 


Months. 


IU7... 

June... 
July... 
Angast 


Average 
tempera- 
ture. 


Total  rain- 
fall. 


OF. 

66.3° 
69.00 
77.50 
77.  80 


'     Inches. 
I  3.1& 

I  5.87 

I  0.56 

0.70 


From  the  above  it  will  be  readily  seen  that  the  first  two  months  of  the  corn  sea- 
son— May  and  June — were  favorable  for  a  maximum  crop,  and  np  to  the  last  of  June 
the  appearance  of  the  corn  crop  was  very  promising.  But  during  the  two  following 
months — July  and  August — the  weather  being  very  warm  and  extremely  dry,  the  corn 
snffered  verv  much,  and  the  result  was  almost  an  eutire  failure. 
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Table  D. — Results  of  experinients  with  com,  Eastern  Farm. 


_  1 


A.— Valuable 
diento 


e    incre-  S 
,  singly.  J 

-J 


B.— Valuable    ingre 
dients,  two  ~ 
two. 


C— Complete     ferti-  [ 
lixer,t  nitrogen 


o 


u 

S 

p 

S5 


Kind  of  fertilizer. 


t 

N 


*£2 

o  cs 

73  P. 

53 


<y 


Quantities  of  val- 
uable ingredients 
applied  per  acre. 


o 


o 


'S 


e 

P4 


m  varying  pro- 1 
portions    from 
dried  blood.       ' 


I 


D. — Complete     ferti* 
liaer,   nitrogen 
in  varying  pro- <( 
portions    from 
nitrate  of  soda. 


£. — Complete  ferti- 
liser, nitrogen 
in  varying  pro- 
portions from  ^ 
sulphate  of  am- 
monia. 


1 
2 
3 
4 


^l 


8 
9 

10 

11 

12 
13 

14 

15 

16 
17 
18 

19 

20 

21 
22 


Nothing 

Dried  blood 

Dissolved  bone 

Muriate  of  potash 

Dried  blood 

Dissolved  bone 

Dried  blood 

Muriate  of  potash 

Dissolved  bone 

Muriate  of  potash 

Nothing 

MineraTfertilisers.  *dried 
bloo<l. 

Mineral  fertilizers.dried 
blood. 

Mineral  fertilizers,  dried 
blood. 

Mineral  fertilizers 

Mineral   fertilizers,  ni- 
trate of  soda. 

Mineral  fertilizers, 
trate  of  soda. 

Mineral  fertilizers, 
trate  of  soda. 

Nothins 

Mineral  fertilizers 

Mineral  fertilizers,  sul- 
phate of  ammonia. 

Mineral  fertilizers,  sul- 
phate of  ammonia. 

Mmeral  fertilizers,  sul- 
phate of  ammonia. 

Yard  manure 

Plaster  


Lb9.    '  Lbs.  [  Lbt. 


240 
300 
200 
240 
300 
240 
200 
300 
200 


24 


48 


24 
24' 


48 


240 
480 
720 


ni- 
ni- 


160 
320 
480 


120 

240 

320 

12,000 
320 


48 


24 
48 
72 


48 

48 

48 

48 
48 

48 

48 


S 

o 
Pi 


Lbs. 


100 


o 
o 


<M   9 

o  o. 
2 

Pound*. 
87.6 
68.5 
84.5 

58.8 


0 

o 

I 


18 
18.  S 
32.5 
1&7 


100 
100 


86 
82.3 


218 
a" 


100 

100 

100 

100 
100 

100 

100 


24 
48 
72 
52.4 


48 
48 

48 

48 

25 


I 


100 
100 

100 

100 

60.4 


74 

62.3 

60 

77.3 

67.8 

67 
65.5 

76 

79.3 

69.3 
69.8 
70 

67.8 

70.3 

70.5 
65.3 


ia( 
i&i 

16 
SSLC 

16 

17.8 
17.4 

S014 

21.1 

Hi 
I&« 
1&6 

18 

1&8 

18.8 

17.4 


*  Same  as  plot  7.  t  Containing  all  the  valuable  ingredients. 

The  following  is  a  summary  of  the  results  as  given  in  the  previous  tables : 

Table  ESummary  of  Table  D. 


Quantities  of  valuable 
ingredients  applied 
per  acre. 


Kind  of  fertilizer. 


a 
o 

s 

Jz5 


•c 

Q.-S 

.a 


m 
o 


«  ft, 

2 


9  0 

C  9 

d  s  >• 

(>  r  N 

C 


Averajge  of  3  plots.. 

One  pfot 

One  plot 

One  plot 

One  plot 

One  plot  

Average  of  3  plots . . . 
Average  of  3  plots . . . 

Average  of  3  plots . . . 

Average  of  3  plots. . 


One  plot. 
One  plot. 


Noth  in  g 

Dried  blood 

Dissolved  bone , 

Muriate  of  potash 

Dried  blood ;  dissolved  bone 

Dried  bloo<l ;  muriate  of  potash 

Dissolved  bone  ;  muriate  of  potash . . 
Mineral    fertilizers    and     smallest 

amount  nitrogen. 
Mineral     fertilizers    and     medium 

amount  nitrogen. 
Mineral     fertilizers     and     largest 

amount  nitrogen. 

Yard  manure 

Plaster 


Pounds.  Pounds.  Pound*.  Bushds.BuiksU 

I      17.7 

24       

48    

...  100 


24 
24 


48 


I 


24 
48 
72 
52.4 


48 

48 

48 
48 
25 


100 
100 
100 

100 

100 

60.4 


18.3 

22.5 

15.7 

22.8 

22 

18.6 

17.3 

10.6 

19.3 

18.8 
17.4 


as 

4.8 
— !• 

il 
U 
0.9 

l.» 
1.6 

1.1 
0.3 
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Professor  Jordaa  summarizes  the  resu'ts  of  bis  experiments  as  follows : 

None  of  the  fertilizers  produced  any  material  increase  of  crop,  not  even  the  farm- 
er's old  ''  btand-by/'  yard  manure.  So  long  as  this  is  the  case,  we  cannot  discuss  the 
relative  effect  of  the  difterent  fertilizers,  for  none  of  them  had  any  effect.  All  the 
good  we  can  hope  to  gain  then  from  the  experiments  is,  to  discover,  if  possible,  whether' 
anything  in  the  method  of  cultivation  or  the  application  of  the  fertilizers  was  the 
^aase  of  their  not  producing  any  effect.  If  the  peculiar  conditions  of  the  season  were 
responsible  for  the  failure  of  the  various  manures  to  act,  it  is  equally  important  to 
know  what  were  the  exact  causes  operating  to  induce  such  a  result.  Below  is  a  sum- 
mary of  the  temperatures  and  rain-fall  at  the  two  farms,  the  figures  for  the  Central 
Farm  being  kindly  furnished  by  Prof.  C.  Alfred  Smith. 


IfonthB. 


May 

Jaiie 

Jaly 

Aognst ... 
September 


Central  farm. 

Eastern  Cum. 

Averase 
temperatare. 

Total 
rain-fall. 

Average 
temperature. 

OF. 

Total 
rain-falL 

OF. 

Ineh^. 

IfieKet. 

67 

2.82 

66.8 

3.18 

68 

6.82 

69.0 

5.87 

79 

2.83 

77.5 

0.56 

76 

0.86 

77.8 

0.70 

78 

0.60 

It  is  to  be  noticed  that  the  temperatures  for  July  and  August  are  very  high,  while 
the  amount  of  rain- fall  is  very  small. 

The  extreme  dryness,  caused  by  the  great  heat  and  the  lack  of  rain-fall,  is  un- 
doubtedly the  direct  cause  of  no  increase  crop  resulting  from  the  use  of  the  fertili- 
zers. As  the  commercial  fertilizers  were  sown  broadcast,  and  as  the  yard  manure 
Qsed  was  not  fermented,  we  should  not  expect  either  kind  of  fertilizer  to  have' much 
effect  until  after  considerable  root  development  had  taken  place,  or  until  the  more  ad- 
vanced stages  of  growth.  When  that  time  arrived  the  lack  of  soil  water  prevented 
a  growth  at  all  commensurate  with  the  supply  of  food  available  to  the  plants.  In 
other  words,  water  was  the  missing  ingredient  of  plant-food,  so  that  no  matter  how 
mach  else  might  be  present  for  use  it  could  not  be  utilized.  Such  an  explanation  is, 
of  course,  of  the  most  general  nature.  Only  after  the  experiments  of  several  years 
can  one  be  offered  more  in  detail. 

In  brief,  Professor  Jordan's  experiments  of  1881  were  so  affected  by 
severe  drouth  that  none  of  the  fertilizing  materials  brought  much  in- 
crease. But  the  experiments  are  rationally  planned,  the  questions 
studied  are  specific  and  not  numerous,  the  work  is  being  thoroughly  done, 
accurate  observations  are  made  of  the  numerous  conditions,  including 
especially  the  weather,  and  the  trials  are  to  be  continued  through  a 
series  of  years  with  crops  succeeding  one  another  in  regular  rotation. 

We  have  here  a  rational,  systematic,  and  thorough  series  of  investi- 
gations, comparable  with  eaah  other  and  with  similar  ou.es  elsewhere. 
The  outcome  cannot  fail  to  be  of  great  value. 

As  regards  the  effects  of  nitrogen  upon  the  growth  of  corn,  the  re- 
salts  of  the  one  season's  experiments,  as  far  as  they  go,  accord  with 
those  elsewhere  obtained,  in  that  the  corn  gives  very  little  response  to 
nitrogen.  Indeed,  in  some  of  the  trials,  less  of  both  corn  and  stalks 
7709 4 
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was  obtained  with  the  nitrogenous  fertilizers  than  without  them.  The 
same  result  was  noticed  in  several  of  the  nitrogen  experiments  pre- 
viously described.    (Appendix,  Tables  I  to  III.) 

The  oats  paid  more  heed  to  the  nitrogen,  though  the  increase  was 
small,  only  four  bushels  per  acre,  with  the  smallest  ration,  24  poondB 
per  acre,  and  even  less  with  the  larger  quantities  of  nitrogen. 

* 

EXPERIMENTS  BY  MR.  SANBORN,  OF   THE  NEW  HAMPSHIRE  AaRlCTJL- 

TURAX.   COLLEGE. 

Mr.  J.  W.  Sanborn,  farm  superintendent  of  the  New  Hampshire  Agri- 
cultural College  at  Hanover,  has  been  conducting,  for  some  four  yeare 
past,  on  the  farm  of  that  institution,  several  series  of  field  experiments, 
in  one  of  which  the  effects  of  phosphatic,  potassic,  and  nitrogenous  fex- 
tilizers  have  been  studied  in  a  method  analogous  to  that  of  the  Special 
Nitrogen  Experiments  above  detailed. 

The  experiments  were  begun  in  1878,  and  have  been  continued,  with 
the  same  fertilizers  and  crops  on  the  same  plots,  to  the  present.  The 
plots  were  each  four  rods  long  and  two  rods  wide,  and  separated  by  va- 
cant spaces.  The  crops  have  been  corn  and  potatoes.  The  plan  may 
be  seen  in  the  following  table  from  Mr.  Sanborn's  report  for  1879,  which 
includes  so  much  of  one  of  the  expeiiments,  that  with  corn,  as  has  a  di- 
rect bearing  upon  the  question  of  the  nitrogen  supply. 

The  soil  is  described  by  Mr.  Sanborn  as  "  an  alluvial,  undrained, 
clayey  soil,"  **  not  well  adapted  to  potatoes,"  and  one  on  which  "  com  does 
not  follow  corn  successfully."  Before  the  experiment  it  had  been  in 
grass,  and  was  in  condition  to  yield  1^  tons  of  hay  x>6r  acre.  The  sea- 
son of  1879  was  "  cold  in  the  spring  and  backward  and  dry  during  the 
formation  and  early  development  of  the  ear."  Some  of  the  results  ob- 
tained in  1878  are  included  in  the  table  with  those  of  1879: 
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Mr.  Saobora  comments  upon  these  results  as  follows: 

Oue  of  the  most  striking  and  important  resultH  brought  oi^t  by  the  table  is  the 
relation  of  the  ammonia  salts  to  the  crop,  and  its  contrast  to  results  of  last  season. 
Last  year  an  increasing  quantity  of  ammonia  salts  gave  an  increasing  crop  up  to  the 
largest  amount  used  in  plot  28 ;  and  everywhere  where  used,  on  all  plots,  both  to  com 
4&nd  potatoes,  in  connection  with  minerals,  gave  a  large  increase  of  crop  for  itA  use, 
4knd  a  profit  for  use  up  to  three-fourths  formula,  or  amount  used  in  plot  29,  Hot  with- 
standing its  very  high  co«f.  This  season  wherever  used  it  brings  a  loss,  excepting- a 
very  slight  gain  for  one  fourth  part  as  in  plot  31  over  32,  but  not  a  profitable  gain. 
■Plot  42  gives,  it  is  true,  a  little  more  than  the  average  of  the  nothing  plots,  but  not 
80  much  as  plot  40  near  to  it.  And  I  may  add  here  as  a  very  interesting  faet,  ap- 
|)arently,  that  plots  40  and  31  represent  probably  the  true  native  fertility  of  the  soil 
for  the  season  better  than  34  or  44^ ;  for  34  and  44|  were  fallow  for  the  season  of  ISTc^, 
^hile  the  others  bore  heavy  crops  for  unmanured  land.  I  have  other  facts  that  in  a 
future  paper  I  shall  allude  to,  that  go  strongly  to  show  that  the  bare  fallow  was,  at 
.least  so  far  as  this  season^s  crop  is  concerned,  an  injury.  If  my  conclusions  are  right, 
the  experimental  land  is  of  rarely  uniform  fertility.  The  two  bare  fallowed  last  year 
agreeing  nearly  in  crop,  and  the  other. two  that  bore  a  crop  corresponding  very  close 
4b  yield.  The  plots  run  in  rows  of  nine,  parallel  to  each  other,  thus  the  nothing 
.plots  are  well  interspersed  among  the  fertilized  plots 

But  to  return  to  tlie  ammonia  plots.  I  observed  that  the  stalks  were  not  so  vigor- 
'ous  as  those  to  minerals  aloue,  or  minerals  and  a  slight  quantity  of  ammonia  salts, 
•and  were,  as  my  record  shows,  an  easy  prey  to  worms.  Why  this  result  f  Is  it  due 
'  .to  the  quality  of  the  ammonia  f  No ;  because  the  minerals  alone  gave  as  good  crop 
46  could  have  been  exx>ected  had  the  ammonia  salts  been  added  with  complete  success 
«s  in  plots  41  and  54  and  32.  In  32  only  potash  salts  were  used  to  give  theoretically 
^3   bushels  of  increase  of  crop  of  com,  yet  without  any  ammonia  38.6  bushels  of 

iicrease  was  made.  Now  the  same  plot  gave  but  6  bushels  increase  over  nothing 
plot  last  year.  So  of  ashes  and  other  mineral  plots;  they  gave  but  little  or  no  in- 
crease both  on  corn  and  potatoes  over  nothing  plots,  while  this  year  they  give  as 
good  results  as  last  year  when  ammonia  salt-s  were  profitably  used.  Neither  was  it 
due  to  ammonia  salts  left  over  in  the  soil;  for  the  mineral  plots  had  no  ammonia 
^alts,  and  in  case  of  those  plots  that  did  have  a  liberal  use  of  them  the  increase  of 
crop  was  so  heavy  as  to  absorb  nearly  all  of  these  salt-s.  Nor  is  it  due  to  any  care- 
lessness of  mine,  or  to  a  local  influence ;  for  I  put  out  several  experimental  sets  and 
Ih  different  sections  of  the  State  and  on  diverse  soils,  and  the  results  come  to  uie  the 
same.  I  would  call  particular  attention  to  this  point,  because  no  question  in  fertil- 
ization is  at  once  so  difficult  and  important  to  fathom.  Last  year,  in  round  numbers, 
|;12  worth  of  ammonia  salts  paid  a  profit  for  use.  This  year  they  are  worse  than 
^useless,  and  are  over  one-half  of  the  cost  of  fertilization  for  an  acre  of  corn ;  yet  had 
'•tkey  not  been  used  last  season  but  little  increase  of  crop  (6  bushels)  would  have  been 
harvested.     I  can  only  say  that  I  believe  that  the  character  of  the  season  has  more 

o  do  with  the  ability  of  a  plant  to  gather  its  nitrogen  from  natural  sources  than  has 
been  generally  recognized,  and  that  at  present  science  does  not  explain  it  fully,  nor 
•can  we  at  present  combine  fertilizers  for  seasons.  We  may,  however,  aecept  the 
averages  of  several  sea^sons  as  the  safest  mean.     It  would  appear  to  me  to  be  prudent 

for  the  time  to  use  about  one-half  of  what  has  become  to  be  known  as  full  formula 
of  nitrogen  for  corn.  By  comparatively  recent  experiments  of  Berthelot  and  others, 
it  appears  that  tlie  electrical  condition  of  the  atmosphere  has  much  to  do  with  the 

power  of  a  i)lant  to  gather  its  nitrogen  nourishment  from  the  natural  source,  from 

the  air,  and  that  that  condition  is  quite  variable  in  different  seasons  and  in  the  same 
season. 

P0TA8H  THE  MANURE  OF  THE  CROP. 

It  will  be  noticed,  on  comparison  of  plots,  that  the  presence  or  absence  of  potash 
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aftects  the  crop  more  than  either  of  the  other  materials.  This  same  result  has  be^n 
noticed  here  for  the  three  years  of  my  observation,  both  on  the  plot  work  and  in  the 
main  field.  The  fertilizers  ordinarily  pnt  upon  the  market  containing  no  potash 
would  thus  be  of  little  use  on  this  farm,  and  this  is  the  experience  of  my  neighbora 
np  and  down  the  river  on  land  of  the  character  of  this  farm.  I  respectfully  suggest 
that  if  they  would  use  potash  salts  with  s'lperphosphatcs,  more  satisfactory  resulta 
would  probably  be  obtained. 

These  exi>eriinent8  have  continued  throagh  four  seasons^  fipom  1878 
to  1881.  No  detailed  account  of  the  whole  has  as  yet  been  published* 
Mr.  Sanborn  has,  however,  kindly  favored  me  with  a  brief  summary  of 
results  of  the  four  years  in  the  following  form : 

I  take  it  that  you  simply  desire  a  statistical  statement  of  crop  returns  from.tb& 
nitrogen  plots  alone,  and  this  I  give  you  in  brief  tables. 
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The  resnltf)  of  the  use  of  ammonia  for  corn  are  a  source  of  inexplicable  astoni 
meat  to  me.    Various  reasons  have  suggested  themselves  to  me,  but  each  fail  to 
count  for  the  results.     It  is  known  that  sulphate  of  ammonia  is  sometimes  in  its  pi 
duction  accompanied  with  injurious  matter  or  matters.     I  doubt  if  this  acconnte! 
the  results,  as  I  do  not  note  it  in  the  potatoes.     It  is  noteworthy  that  the  ashes 
steadily  increasing  the  crop,  although  they  contain  no  nitrogen,  and  last  season 
unfit  vorable. 

I  may  say  that  on  the  plots  with  large  rations  uf  nitrogen,  the  com  starts  w< 
looks  healthy  for  awhile,  but  gradually  it  turns  to  a  sickly  color,  and  in  many 
dies  out  completely.     Ou  the  plot  with  nitrogen  alone  in  18H1,  nearly  all  of  the 
was  alive  in  August,  but  gradually  disappeared,  so  that  before  harvest  it  wasm< 
gone. 

The-coming  season  I  propose  to  investigate  this  matter  of  the  injurious  effect  of  i 
trogen. 

Regarding  the  results  with  the  potatoes  I  have  no  comments  to  make  other  tbi 
that  the  unreported  plots  that  received  no  nitrogen,  when  compared  with  those  il 
have  nitrogen,  puzzled  me  for  awhile.      I  now  tind  it  clear  that  the  sulphuric  acid 
the  bone  black  and  sulphate  of  ammonia  have  affected  the  results  favorably,  and 
whatever  gain  comes  from  the  use  of  either  superphosphate  or  sulphate  of  ammoi 
is  due  wholly  to  the  sulphuric  acid  they  contain. 

Mr.  Sanborn's  experiments  seem  to  me  among  the  most  interesting  I 
have  seen.  That  the  soil  should  have  proven  so  uniform,  as  shown  hj 
the  agreement  of  the  results  on  tbe  unmanured  plots,  even  when  the  plots 
were  in  checks  rather  than  in  long,  narrow  strips,  is  most  fortunate. 

That  sulphate  of  ammonia  should  so  materially  benefit  the  corn  the 
first  season,  injure  it  the  second,  and,  in  succediug  years,  almost  destroy 
it,  is  certainly  very  strange.  The  increase  of  the  yield  year  after  year 
with  ashes  is  likewise  remarkable.  All  these  phenomena  demand  care- 
ful and  thorough  investigation. 

It  is  perhaps  worthy  of  note  in  this  connection  that  the  experiment  iji 
Colonel  Mead,  of  Vermont  (see  Appendix,  Table  I),  in  which  nitrogen 
proved  injurious  rather  than  helpful  to  the  corn  while  potash  was  so 
beneficial,  was  not  very  far  from  Hanover,  N.  H.,  where  Mr.  Sanborn's 
experiments  were  made. 

Mr.  Sanborn  informs  me  that  he  has  made  arrangements  to  bring 
his  experiments  as  nearly  as  possible  into  accord  with  the  co-operative 
plan  followed  by  the  experimenter  whose  work  has  been  set  forth  in 
Tables  I-III,  appendix. 

In  the  language  above  quoted  and  elsewhere,  Mr.  Sanborn  strongly 
urges  the  importance  of  the  study  of  the  demands  of  soil  and  crop  by 
experiment.  In  connection  (I  believe)  with  the  New  Hampshire  board 
of  agriculture,  the  agricultural  college,  through  Mr.  Sanborn,  has  in- 
duced farmers  in  various  parts  of  the  State  to  institute  trials  with  fer- 
tilizers containing  nitrogen,  phosphoric  acid,  potash,  &c.,  similar  to  tbe 
^^  general  experiments,"  described  in  the  earlier  part  of  this  article.  The 
results,  so  far  as  published,  amply  justify  Mr.  Sanborn's  recommenda- 
tions and  conclusions. 
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BXP£BIMENTS    AT    THE    UNIVERSITY  OF  TENNESSEE  BY    PROFESSOR: 

M'BRYDE. 

Prof.  J.  M.  McBryde,  ot  the  University  of  Tennessee,  at  Kuoxville^ 
has  lately  reported  a  series  of  experiments  analagous  to  those  described 
above  and  with  similar  purpose,  thoagh  the  questions  studied  are  much 
more  nnmerous.* 

In  view  of  the  publicity  already  jsjiven  to  these  experiments,  and  the 
lack  of  space  here,  I  refrain  from  quoting  the  details. 

The  results  of  Professor  McBryde's  experiments,  however,  accord 
with  the  general  impression  which  makes  nitrogen  the  most  efficient  of 
the  fertilizing  elements  in  promoting  the  growth  of  wheat.  From  the 
strictly  practical  standpoint  also,  they  are  of  interest  in  illustrating 
how  the  use  of  concentrated  fertilizers  often  brings  more  of  loss  than 
gain.  Unfortunately  the  differences  in  produce  of  the  different  plots  is^ 
as  Professor  McBryde  urges,  hardly  great  enough  to  exceed  the  limits 
of  error  due  to  inequalities  of  soil,  and  with  so  few  duplicate  tests 
the  results  will  hardly  warrant  generalizations  even  for  the  conditions- 
iu  which  the  trials  were  made. 

Such  extensive  and  painstaking  investigations  are,  nevertheless,  of 
great  value,  and  will  become  increasingly  so  as  they  are  continued  from, 
year  to  year. 

GENERAL  DISCUSSION  OF  RESULTS  OF  THE  EXPERIMENTS. 
THE  FEEDING  CAPACITIES  OF  PLANTS. 

The  experiments  we  are  discussing  bring  us  face  to  face  with  one  of 
the  most  important  problems  with  which  agricultural  chemistry  has  to 
deal,  and,  at  the  same  time,  throw  some  new  light  upon  it.  I  refer  to 
what  may  perhaps  be  called  their  feeding  capacities,  their  power  of  gath- 
ering their  supplies  of  food  from  soil  and  air,  and  the  effects  of  the  dif- 
ferent ingredients  of  plant  food  upon  their  growth. 

A  vast  deal  of  experience  in  the  laboratory  and  in  the  field  bear  tes- 
timony to  the  fact,  though  we  are  still  deplorably  in  the  dark,  as  to 
how  or  why  it  is  so,  that  different  plants  have  different  capaeities  for 
making  use  of  the  stores  of  food  that  soil  and  air  contain.  Thus  ex- 
perience and  experiments  tell  us  that  clover  and,  perhaps,  leguminous- 
plants  generally  do  somehow  or  other  succeed  in  obtaining  a  sufficient 
supply  of  nitrogen,  where  cereals,  such  as  wheat,  barley,  rye,  and  oats 
would  half  starve  for  want  of  it,  and  this  in  the  face  of  the  fact  that 
leguminous  plants  contain  a  great  deal  of  nitrogen  and  the  cereals  rel- 
atively little.  Hence  a  heavy  nitrogenous  manuring  may  be  profitable 
for  wheat  and  be  in  large  part  lost  on  clover. 


*  Experimental  work  of  the  Agriciiltural  Department  of  the  Uniyeisity  of  Tennesse 
1861.    A  portion  of  the  same  report,  also  given  in  an  article  by  the  same  author,  en- 
titled ''Chemical  Manures  on  Wheat/'  in  the  Agricultural  Review,  January,  1882^ 
page  75. 
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As  long  ago  as  1850,  Dr.  Pusey  said  in  a  report  ''On  the  progress  of 
agricultural  knowledge  during  the  last  eight  years,"  in  the  Journal  of 
the  Royal  Agricultural  Society  (vol.  xi.  1850,  pp.  385-6),  "  At  present 
-we  can  only  say  that  the  three  leading  principles  of  manure  are:  1,  Am- 
monia; 2,  Phosphorus ;  and,  probably  3,  Carbon;''  and  again, '* The 
upshot  of  the  whole  is  that  practically,  as  far  as  artificial  manures  are 
<M)ncerned,  we  need  not  dwell  upon  the  mineral  ingredients,  but  most 
give  ammonia  to  wheat,  and  to  turnips  phosphorus.''  Since  Dr.  Pusev's 
time  we  have  got  hold  of  very  many  new  facts,  theories  of  manuring 
have  multiplied,  and  fertilizers  for  special  crops,  based  upon  varioos 
theories,  have  come  into  very  general  use. 

The  little  definite  knowledge  we  have  of  the  different  feeding  capa- 
-cities  of  plants  comes  in  pai-t  from  general  observation  and  in  part 
from  direct  experiment. 

The  experimental  data  have  been  contributed  by  various  investiga- 
tors, especially  by  Messrs.  Lawes  and  Gilbert,  of  England,  whose  classic 
researches  on  the  fields  and  in  the  laboratory  at  Eothamst<ed  are  famit 
iar  to  all  students  of  agricultural  science. 

Next  in  prominence,  perhaps,  in  this  field  of  discussion  is  M.  Georges 
Ville,  of  France,  whose  experiments,  however,  do  not  compare  in  ei- 
tent  with  those  of  Messrs.  Lawes  and  Gilbert,  but  whose  theories  are 
much  more  numerous  and  definite. 

How  it  is,  by  virtue  of  what  characteristics,  organs,  or  functions  of 
different  plants  they  possess  these  different  capacities  for  gatherinf 
their  food  are  questions  still  to  be  solved.  Sir  John  Lawes,  in  an  article 
on  fertility,  with  which  many  of  the  readers  of  this  are  familiar,  in  dis- 
cussing the  relations  of  different  plants  to  the  nitrogen  supply,  says: 

It  is  not  to  tiie  diftereiice  of  their  capacity  for  taking  nitrogen  from  the  atmosphan 
that  we  mnst  look  for  an  explanation  of  the  distinctive  influence,  or  function,  so  to 
speak,  of  the  crops  grown  in  a  rotation.  The  explanation  is  rather  to  be  foaod  in 
the  difference  in  the  character  and  length  of  life  of  the  different  plants,  in  the  charao- 
ter  of  the  roots  in  regard  to  number,  range,  size,  and  to  their  aptitude  to  derire 
more  of  their  food  and  moisture  from  the  surface,  or  from  the  subsoil,  and  tinaUy.  is 
the  greater  capacity  of  some  for  liberating  and  assimilating  food  not  available  to 
•others,  or  for  an^esting  food  which  would  otherwise  be  washed  out  of  the  soil.  •  "  '  * 

If  we  consider  the  well-established  characteristics  of  the  various  legaminqus  crops 
grown  in  rotation,  and  the  circumstances  of  their  growth,  it  will  be  seen  that  their 
powers  of  taking  up  nitrogen  and  of  contributing  to  the  increased  growth  of  succeed- 
ing crops  are  much  in  proportion  to  the  length  of  their  lives  and  the  range  of  their 
roots.  Thus  every  one  will  admit  that  lucern,  sainfoin,  and  red  clover  will  grow 
larger  crops  without  manure,  and  will  leave  a  larger  residue  for  the  growth  of  suc- 
ceeding crops,  than  either  white  clover  or  tares.  , 

Again,  if  we  follow  the  course  of  a  barley  and  of  a  red-clover  crop,  both  sown  nearij 
at  the  same  time,  it  will  be  seen  that  when  the  barley  has  ripened  its  seed  the  actir« 
growth  of  the  clover  has  scarcely  commenced,  and  the  plant  has  still  the  latter  pftrt 
of  the  summer,  the  whole  of  the  autumn,  and  to  the  autumn  of  the  succeeding  year  to 
•collect  its  food.  A  man  would  consider  himself  very  unfairly  handicapped,  if  he  we(<^ 
xequlred  to  do  as  much  work  in  four  months  as  another  was  allowed  eighteen  monthi 
in  which  to  perform  it.    After  the  cessation  of  the  life  of  the  barley,  the  formation  of 
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nitric  acid  in  the  soil  is  doubtless  8tiLL  active.  In  fact  direct  experiinentB  show  tliat 
the  autumn  drainage  removen  more  nitrates  than  that  of  other  periods  of  the  year. 

It  is  doubtless  one  of  the  economic  fuuctions  of  the  clover  plant  to  arrest  and  Hiore 
op  the  nitrogen  of  the  nitric  acid  in  the  soil  which  would  otherwise  be  drained  away 
during  the  autumn  and  winter.  Whether  or  not  the  leguniinoHie  may  further  take  up 
any  of  their  nitrogen  directly  from  the  nitrogenous  organic  matter  within  the  soil 
there  is  no  direct  evidence  to  show,  though  there  are  some  facts  which  might  be  held 
to  lend  probability  to  the  assumption. 

When  we  see  that  the  appearance  of  a  fungus,  even  ou  very  poor  grass  land,  is  al- 
ways accompanied  by  a  rich  growth  of  grass,  we  conclude  that  it  has  the  property  of 
liberating  and  utilizing  nitrogenous  compounds  iu  the  soil  which  the  grasses  were 
anable  of  themselves  to  turn  to  account.  It  is,  at  any  rate,  not  impossible  that  the 
leguu  inoflffi  may  likewise  derive  at  least  a  portion  of  their  nitrogen  from  the  nitro- 
genous organic  compounds  within  the  soil;  but  their  pos8€)S8iou  of  green  leaves  may 
be  taken  as  evidence  that  they  derive  the  chief  of  their  carbon  from  other  sources 
than  the  organic  carbon  of  the  soil. 

The  above  remarks  are  made  by  their  author  in  a  discussion  of  the 
question  whether  plants  obtain  any  considerable  quantity  of  their 
nitrogen  from  the  air — a  question  which  he  is  inclined  to  answer  quite 
decidedly  in  the  negative.  They  seem  to  me,  however,  to  apply  very 
aptly  to  the  more  general  problem  of  the  capacities  of  plants. 

If  the  superior  faeulty  of  clover,  as  compared  with  wheat,  for  accu- 
mulating nitrogen  be  due  to  its  larger  amount  of  root  surface,  and  its 
longer  period  in  which  this  gathering  is  done,  why  may  it  not  for  the 
same  reasons  be  better  able  than  wheat  to  obtain  its  phosphoric  acid, 
potash,  and  other  food  ingredients?  Indeed,  why  may  not  any  charac- 
teristic which  gives  clover  an  especial  ability  to  gather  its  nitrogen 
be  equally  efficient  as  regards  the  lime,  or  phosphoric  aoid,  or  potash? 
The  point  seems  to  me  to  lie  here :  Plants  differ  in  these  respects.  Why 
they  differ,  we  may  surmise,  but  cannot  affirm.  What  we  need  to  do  is 
to  find  ont;  and  the  experimental  data  needed  are  to  be  sought  partly 
in  the  greenhouse  and  partly  in  the  field. 

THE  VILLE   THEORIES  OF  FERTILIZATION. 

Of  the  various  theories  of  fertilization  perhaps  no  others  have  at- 
tracte^l  so  much  attention  as  those  of  Professor  Ville,  whose  experi- 
ments on  the  government  farm  at  Vincennes  during  more  than  a  quarter 
of  a  century  have  been  discussed,  and  whose  writings  are  read  the 
world  over.  The  prominence  which  the  doctrines  of  Ville  have  obtained 
in  the  agricultural  press,  and  amc^g  farmers  in  this  country,  coupled 
with  the  marked  discrepancy  between  them  and  the  results  of  the  large 
number  of  experiments  here  detailed,  seems  to  warrant  at  least  a  brief 
discussion  of  the  theory. 

One  of  the  essential  features  of  Ville's  doctrine  is  the  theory  of  dom- 
inant ingredients.  He  gives  ^^the  name  dominant  to  the  ingredient 
which,  for  a  given  crop,  plays  a  more  important  part  than  the  others.'' 
Thus : 

Nitrogen  is  the  predominant  ingredient  for  the  cereals,  as  wheat,  barley,  rye,  oats, 
ftod  for  colza,  sagar-beet,  hemp,  &c. 
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Potash  has  an  especial  jnflneiice  upon  pea8,  beans,  clover,  lucerD,  flax,  potatoes. 
Phosphoric  acid  is  especially  beoeticial  for  turnips,  rutabagas,  radishes,  Indian 

sugar  cane,  &c. 
Lime  seems  to  exert  no  especial  preponderating  action. upon  any  plant,  but  is 

sary  for  all. 

Of  the  numerous  iugredieuts  of  fertilizers  Ville  regards  the  fonr 
named,  nitrogen,  phosphate  of  lime  (phosphoric  acid),  potash,  and  limer 
as  the  regulators  par  excellence  of  production,  and  the  only  ones  witk 
which  agricultural  industry  need  occupy  itself.  His  formulas  for  *^ com- 
plete manures''  supply  these  four  ingredients — the  nitrogen  as  nitrate 
of  potash  (saltpeter),  nitrate  of  soda,  or  sulphate  of  ammonia;  the phoi- 
phoric  acid  in  the  tbrm  of  superphosphate;  the  potash^  in  either  nitratd 
of  potash,  or  other  potash  salts,  and  the  lime  as  sulphate  of  lime  (land 
poster).  He  says  that  "  the  mixture  of  these  substances  has  the  same 
properties  as  dung."  The  '*  complete  chemical  manure  is  to  the  barn- 
yard manure  what  the  metal  is  to  the  ore."  ^.'  It  is  farm-yard  manure 
divested  of  all  useless  matter." 

The  practical  inference  is  that  in  preparing  a  fertilizer  for  a  given 
plant,  we  must  reduce  the  subordinate  ingredients  as  much  as  we  can, 
and  put  in  a  good  deal  of  the  dominant.  To  sustain  his  propositiou% 
Ville  cites  a  great  many  experiments,  some  made  by  himself  in  pots  or 
in  the  fields  of  the  experimental  farm  at  Vincennes,  and  others  by 
farmers  in  France  and  elsewhere.  In  an  experiment  on  wheat,  for  in- 
stance, one  plot  received  a  "complete  manure;"  from  another  the  hme 
(sulphate  of  lime)  was  omitted,  while  the  third  had  no  potash,  &c. 
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The  wheat  suffered  more  from  lack  of  nitrogen  than  from  lack  of  an^; 
other  ingredient.  Again,  with  sugar-beets,  starting  with  a  complete' 
fertilizer  which  supplied  360  pounds  of  superphosphate,  180  pounds  of 
nitrate  of  potash,  270  pounds  of  nitrate  of  soda,  and  360  pounds  of  sul- 
phate of  lime  per  acre,  when  more  lime,  potash,  or  phosphoric  acid  was 
added,  the  yield  was  not  affected,  but  when  the  nitrogen  was  increased 
the  yield  rose  with  it.  From  such  experiments  as  these,  Ville  infers 
that  nitrogen  is  the  dominant  ingredient  for  wheat  and  the  sugar-beet^ 
and  consequently  he  puts  a  large  proportion  of  it  in  his  formulas  for 
these  crops.  He  insists,  furthermore,  that  the  form  of  combination  is 
important,  and  uses  sulphate  of  ammonia  for  wheat,  nitrate  of  soda  for 
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mgar-beetSy  and  so  on.  For  clover,  beans,  peas,  &c.,  ho  recommends 
little  or  no  nitrogen,  because  the  plants  are  found  to  get  very  little  if 
Biny  good  from  nitrogenous  manures.  He  explains  this  by  assuming 
that  sncli  plants  get  all  their  nitrogen  from  the  air,  and  do  not  need  it 
in  fertilizers.  Of  the  theory  once  held  by  many  that  plants  assimilate 
the  free  nitrogen  of  the  air,  Ville  has  been  for  some  years  almost  the 
ttnly  prominent  defender.  He  claims  that  clover  gathers  all  its  nitro- 
gen from  the  air ;  that  barley  and  rye  get  80  per  cent.,  wheat  50  per 
cent.,  and  sugar-beet,  60  per  cent,  from  the  air,  and  the  rest  from  the 
soil. 

Concerning  the  mineral  ingredients,  phosphoric  acid,  potash,  and  lime, 
Ville's  rule  is  to  restore  all  that  the  crops  remove,  and  a  little  more  to 
make  np  for  what  is  leached  away  by  water  in  the  soil  below,  beyond 
the  reach,  of  the  roots  of  plants ;  thus  strangely  ignoring  the  resup]>ly 
which  every  soil  keeps  up  from  the  decomposition  of  its  material. 

COMPLETE  OR  NORMAL  MANURES. 

The  formulas  for  chemical  manures  are  one  of  the  chief  features  of 
Yule's  system.  He  sums  up  his  doctrine  of  chemical  manures  as  fol- 
lows : 

No.  1.  The  complete  chemical  manure  embraces  all  the  fertilizing  principles  of 
dung,  all  of  whose  active  portion  it  contains,  and  to  which  it  is  superior  in  the  har- 
vests it  brings. 

No.  2.  For  the  action  of  each  one  of  the  four  substances  of  which  the  complete 
manure  is  composed  (viz.,  phosphoric  acid,  potash,  lime,  and  nitrogenous  material), 
the  co-operation  of  the  three  others  is  necessary. 

No.  S.  Each  one  of  the  four  teims  of  the  complete  manure  has  a  function  subordi- 
nate or  preponderant  with  respect  to  the  other  three,  according  to  the  nature  of  the 
plants.     [The  principle  of  dominants  as  above  explained.] 

No.  4.  Analysis  of  the  soil  by  culture. 

That  is,  the  testing  of  soils  by  experiments  with  different  fertilizing 
materials,  in  order  to  find  whether  any  are  supplied  in  sufficient  quan- 
tity by  the  soils,  and  may  consequently  be  omitted  from  the  fertilizers. 
Ville  lays  great  stress  upon  these  experiments  and  gives  very  full  di- 
rections for  conducting  them. 

GHlSMIGAL  FERTILIZERS  SUPERIOR   TO   FARM  MANURES. 

Ville  claims  that  chemical  fertilizers  are  superior  to  farm  manures  for 
several  reasons : 

• 

(I.)  They  bring  larger  crops.  In  proof  of  this  he  cites  several  hundred  experiment* 
nia*le  by  agricultural  schools,  societies,  and  private  individuals,  on  wheat,  oats,  rye, 
<)arley,  maize,  potatoes,  sugar-beets,  sugar-cane,  &c.,  in  France,  Belgium,  Germany, 
Italy,  and  other  countries.  In  fifty-one  experiments  with  wheat,  in  which  chemical 
and  farm  manures  were  compared,  the  chemicals  brought  larger  crops  in  forty-seven, 
l*?w  in  three,  and  the  same  in  one  case.  In  ninety-two  experiments  with  sugar-beets  the 
artitiuial  fertUizers  brought  the  best  results  in  sixty-seven  cases,  the  dung  in  twenty 
caises,  and  both  the  same  in  five  cases.  In  thirty-two  experiments  with  potatoes,  the 
chemical  manures  brought  more  than  horse-manure  in  twenty>five,  less  in  six,  and 
the  same  in  one. 
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(2.)  The  chemical  fertilizers  are  cheaper.  To  substantiate  this  he  makes  extended 
comparisons  between  the  cost  in  France  of  farm  mannre  and  the  corresponding  chem- 
ical materials,  and  calculates  that  tlie  manure  is  the  dearer  by  some  6  per  oent. 

(3.)  Chemicals  are  always  at  command,  and  in  just  such  kinds  and  quantities  a* 
are  needed,  the  only  limit  being  the  amount  of  capital  to  be  invested. 

(4.)  The  ingredients  of  chemical  manures  are  ready  for  use  at  once,  while  in  yard- 
manure  they  are  slowly  available. 

(5.)  Chemical  manures  are  more  easily  and  cheaply  transported,  handled,  and  ap- 
plied. 

(6.)  Chemical  manures  can  be  divided  so  as  to  use  for  each  crop  its  predominant 
regulating  ingredient,  and  in  each  case  only  what  is  needed.  Thus,  in  a  rotation, 
iiiti'ogen  can  be  used  for  wheat  or  oats,  i>ho8phates  for  corn  or  turnips,  and  potash 
for  clover.  Or,  if  the  soil  snpplies  enough  of  any  one  ingredient  for  any  crop,  it  can 
be  omitted  from  the  fertilizer  and  its  cost  saved. 

CONTINUOUS  USE  OF   CHEMICAL  MANURES. 

To  the  question  whether  chemical  manures  alone  can  be  depended  on 
and  used  with  profit  year  after  year,  Ville  replies: 

Yes,  under  two  conditions:  1st.  Give  the  land  in  fertilizers  more  phosphate  of  lime, 
more  lime,  and  more  potash  than  the  crop  takes  from  it.  2d.  Give  it  about  5i*  per 
cent,  of  the  nitrogen  of  the  harvest. 

Ville  says,  very  aptly: 

The  employment  of  chemical  manures  require-s  especial  care.  Like  fine  weapons, 
they  show  a  full  measure  of  their  power  only  in  hands  that  understand  how  t<o  ose 
them. 

VILLE'S  FORMULAS. 

The  following  are  some  of  Yille's  principal  formulas.  The  amounts 
are  calculated  per  acre.  In  changing  French  weights  into  oars  frac- 
tions are  avoided.  The  costs  are  estimated  at  rates  current  in  onr 
large  market's : 

WHEAT. 
("ompleU  manure  Xo.  1.     [Damtnant,  nitrogen.'} 


Fertilisers.  Quantity.  IngredientB.  Qnaatity. 


C«tt 


Povn'f*.  Poundt. 

Add  phosphate  of  lime 360  Phosphoric  acid 54  KM 

Nitrate  of  pot«h iM  [Nih^en :::;;;:::;;::.:;::  S}  « 

Sulphate  of  ammoiiia 226  Nitrogen 28  126 


Total •1,080 

*  The  author  has  made  an  omission  in  this  table,  as  will  be  seen  from  the  additions. 

BARLEY,  RYE.  OATS,  AND  ORASS. 
Complete  manure  No,  1.     [ Dominant j  nitrogen."]^ 
Only  one-half  of  above  anioiint^. 


*3S« 
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BEETS,  CARROTS.  GARDEN  \TEGETABLES.  ETC. 
Complete  manure  No.  2.     [Dominanty  nitrogen,'] 


FertUiaen. 


Quantity. 


Ingre<lienU. 


Qaantity.  Coat. 


Acid  phosphate  of  lime. 

nitrate  of  potash 

Vttrato  of  soda 

Balphate  of  lime 


Potind4.  I 

360     Phosphoric  acid 

180  {£?*^** 

(Nitrogen 

270     Nitrogen 

270    


Poundt.  I 

54      16  8(V 

16  20 


79? 
235 
42 


10  8» 
1  Oft 


Total. 


1,080    1 34  8a 


I 


POTATOES. 
Complete  manure  Xo.  3.     [Dominant^  nitrogen,'] 


Ferdlisers. 


Qaantity. 


Ingredients. 


Qnantily. 'Cost. 


Acid  phosphate  of  lime 

Hitnfte  of  potash 

Salphate  of  Ihne 

Total 


Pounds.  . 

360    Phosphoric  acid 
(Potash. 


270 
270 


I  Nitrogen 


Poundt. 

54      $6  3a 

1J»};24  30 

108 


900    '  31  f» 


For  worn-out  soils  complete  niannre  No.  2  is  preferable. 

TURNIPS,  RUTABAGAS,  SORGHUM,  SUGAR  CANE,  CORN  (MAIZE). 
Complete  manure  No.  5.     [Dominant,  phoephoric  acid.'] 


Fertilizers. 


Quantity.; 


Ingredients. 


Quantity. 


Acid  phosphate  of  lime 

KitrateofpDtash 

IWphate  of  lime 


Total 


Pounds. 

540  Phosphoric  acid 

,g^    CPotash 

^^    {Nitrogen 

360   


Pounds.  >^ 
81 
79? 
245 


Cost. 


$9  45 

16  2(K 

1  44 


1,080 27  0» 


BEANS,  PEASE,  CLOVER.  ETC. 
Incomplete  manure  No.  2.     [Dominant^  potash.'] 


Fertilizers. 


Add  phosphate  of  lime 

If  itrate  of  potash 

Svlphate  of  lime 

Total 


Ingredients. 


Pounds. 

360    Phosphoric  acid 

jQo    fPotaah 

^^  '{Nitrogen 

360 


I  Quantity.,  Cost. 


Pounds. 
54 
79) 
245 


$6  30 

16  20 

1  44 


900    ,  23  94 


This  is  "incomplete,''  in  that  part  of  the  nitrogen  (of  No.  2)  is  omitted* 
As  Ville  assumes  that  the  above  plants  get  all  their  nitrogen  from  the 
air,  he  explains  that  the  nitrate  of  potash  is  put  in  here  for  the  sake  of 
the  potash,  and  that  the  small  amount  of  nitrogen  can  do  no  harm. 
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THE  EXPEBIMENTS    OF  MESSRS.   LAWES  AND   GILBERT. 

By  far  the  most  valuable  contribution  to  our  knowledge  of  these  sub- 
jects comes  from  the  field  experiments  of  Messrs.  Lawes  and  Gilbert 

In  their  experiments,  wheat,  which  has  for  thirty  years  received  min- 
eral manures  alone,  has  averaged  16|  bushels  per  acre  yearly,  against 
14  bushels  unmanured.  The  addition  of  sulphate  of  ammonia,  with  th» 
-same  repeated  cropping  of  the  same  land,  brou  ght  the  average  up  to 
36  bushels  per  acre.  The  leguminous  crops  have  told  just  the  opposite 
story.  Though  they  contain  a  good  deal  more  nitrogen  than  wheat, 
they  respond  but  slightly  to  nitrogen,  and  are  greatly  aided  by  mineral 
manure^.  In  an  experiment  on  the  mixed  herbage  of  grass-land,  con- 
tinued through  twenty  years,  mineral  manures  without  potash  brought 
up  the  total  crop  47  per  cent.,  and  the  nitrogen  in  the  crop  38  pounds 
per  acre  annually  above  the  unmanured.  And  when  potash  was  added 
to  the  mineral  manures  the  crop  was  67  per  cent,  larger,  and  contained 
•56  pounds  more  nitrogen  per  acre  than  the  unmanured,  the  increase  in 
nitrogen  being  in  large  measure  due  to  the  leguminous  plants,  which 
came  in  under  the  influence  of  the  potash  and  replaced  planta  of  other 
families. 

In  one  case  Messrs.  Lawes  and  Gilbert  found  that  a  soil  from  which 
u  clover  crop  had  just  been  removed  contained  more  nitrogen  than  it 
did  before  the  clover  was  put  in ;  that,  iu  other  words,  the  soil  to  a  dept-h 
of  9  inches  at  least  was  positivel}"  enriched  by  the  growth  and  removal 
of  a  highly  nitrogenous  (clover)  crop. 

Such  facts  help  to  explain  why  it  is  such  good  farm-practice  to  use 
mineral  fertilizers,  as  plaster,  bone,  ashes,  and  pot-ash  salts,  for  mixed 
grasses  and  clover,  and  nitrogenous  materials,  like  guano,  sulphate  of 
ammonia,  and  nitrate  of  soda,  for  grain  crops.  They  help  us  to  under- 
stand why  clover  is  such  an  excellent  preparatory  crop  for  wheat,  and 
so  economical  generally  for  plowing  under  to  bring  up  poor  soils.  It 
gathers  and  stores  plant-food,  particularly  nitrogen,  and  thus  is  itself 
A  fertilizer. 

In  Messr^.  Lawes  and  Gilbert's  experiments  the  cereals  have  been 
most  helped  by  nitrogen,  next  b}"^  phosphates,  and  very  little  by  potash. 
The  legumes  have  responded  to  mineral  manures,  especially  potii^sh,  and 
paid  little  heed  to  nitrogen  except  where  on  meadow  land  they  have, 
under  the  influence  of  nitrogenous  manuring,  gradually  run  out  and  the 
grasses  have  taken  their  place,  just  as  they  have  replaced  the  grasses 
when  mineral  manures  alone  were  used.  Turnips  have  done  best  with 
superphosphates;  and  potatoes,  I  think,  have  seemed  to  demand  potash, 
along  with  nitrogen  and  phosphates,  for  their  best  development. 

For  some  time  past  the  relation  of  the  corn-plant  to  the  nitrogen 
supply  has  been  a  much- vexed  question.  The  main  question  is  whether, 
like  other  cereals  (wheat,  barley,  oats,  grasses,  &c.),  corn  hiis  but  little 
power  to  gather  nitrogen  from  natural  sources  and  requires  nitroge* 
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G6  FJELD    EXPERIMENTS   WITH    VAKIOUS   FERTILIZERS. 

greater  capacity  for  taking  up  food  from  the  soil  than  the  wheat,  bnt  maize  haa 
other  distinctiye  properties  which  require  to  be  noticed.  Compared  with  wheat,  the 
active  life  of  maisse  extends  far  longer  into  summer  and  autumn.  In  the  aoitth  ef 
France,  maize  sown  in  the  beginning  of  May  is  ripe  at  the  end  of  October ;  in  the  aaoie 
locality  wheat  is  ripe  in  July.  The  most  active  growth  of  maize  takes  place  alter  the 
wheat  has  ceased  to  collect  its  food.  During  the  summer  and  autumn  nitric  acid  is 
largely  formed  in  the  soil,  and  is  taken  up  by  both  wheat  and  maize ;  but  the  early 
ripening  of  the  wheat  stops  further  collection  by  that  plant,  while  maize  continaes 
to  collect  until  late  in  the  autumn.  The  formation  of  nitric  acid  goes  on  in  the  soil 
after  the  wheat  is  removed,  but  much  of  this  is  washed  out  of  the  soil  by  the  winter 
rains.  We  see,  therefore,  that  maize,  by  its  habits  of  growth,  has  access  to  mote 
nitrogen,  in  the  form  of  nitric  acid,  than  wheat. 

And  we  have,  also,  in  this  fact  an  explanation  of  the  action  of  mineral  manuiea. 
Superphosphate  is  said,  by  yon,  to  be  a  better  manure  for  maize  than  for  wheat ;  both 
reqnire  phosphates  and  nitrogen,  but  the  maize  gets  more  nitrogen,  and,  consequently 
can  take  up  more  phosphate.  In  all  soils  exhausted  by  com  crops,  you  may  predict 
with  certainty  that  ammonia  or  nitric  acid  applied  as  manure  will  increase  a  wheat 
crop,  there  being  a  large  balance  of  mineral  food  which  cannot  be  taken  up  by  the 
wheat  in  the  absence  of  nitrogen. 

One  other  point  may  be  noticed.  Maize  contains  a  smaller  amount  of  nitrogen  than 
wheat ;  I  have  seen  analyses  which  only  showed  one-half  as  much ;  probably  one- 
fourth  less  would  be  nearer  the  average.  Taking  all  these  matters  into  consideratioa, 
if  wheat  and  maize  were  grown  continuously  for  experiment,  I  should  expect  that 
maize,  if  manured  with  manure  such  as  wood  ashes  and  superphosphate,  wonld  give 
a  larger  produce  than  wheat.  But  to  produce  full  cmps,  both  would  reqnire,  in  addi- 
tion, large  quantities  of  nitrogen  to  be  supplied  as  ammonia  or  nitric  acid. 

In  brief,  Mr.  Lawes  would  expect  that  com,  during  its  longer  period 
of  growth,  wonld,  with  the  aid  of  mineral  fertilizers,  proAioe  a  larger, 
yield,  and,  of  course,  gather  more  nitrogen  than  a  wheat  crop;  bnt  he 
is  at  the  same  time  inclined  to  class  it  with  the  cereals. 

SPECIFIC  EFFECTS  OF  .THE  DIFFEBENT  FEBTIL.IZIT9G  MATERIALS. 

As  a  means  of  studying  the  effects  of  the  nitrogen,  phosphoric  acid, 
potash,  and  so  on,  we  have  prepared  some  tables,  which  we  have  got » 
the  way  of  calling  ^'  tables  of  difference  " :  Tables  X  and  XI  of  the  Ap- 
pendix. These  show  very  clearly  the  effect  of  each  mat-erial — nitrate  <if 
soda,  superphosphate,  and  muriate  of  potash — ^both  when  used  alone 
and  when  mixed  with  the  others ;  and  also  presents  in  a  very  dear  light 
the  uniformity  or  irregularity  of  the  action  of  each  one  on  the  different 
plots  of  each  exx)eriment.  For  instance,  the  effect  of  nitrate  of  soda 
alone  is  found  by  subtracting  the  average  yield  with  no  manure  from 
that  of  the  nitrate  of  soda  plot.  To  find  its  effect  with  superphos- 
phate, the  3ield  of  the  phosphoric  acid  plot  is  subtracted  from  that 
which  had  the  mixture  of  the  two.  The  increase  with  the  complete 
fertilizer  over  that  with  the  superphosphate  and  potash  salt,  gives  the 
effect  of  the  nitrate  of  soda  again,  and  so  on.  Of  course  it  is  understood 
that  these  differences  in  a  given  case  do  not  express  exactly  the  effect 
of  the  nitrogen,  phosphoric  acid,  or  potash,  nor  even  that  of  the  ferti- 
lizer containing  them.  The  indirect  action  of  the  fertilizer  counts  for 
something,  and  the  irregularities  in  the  different  plots  often  a  good  deal 
more. 
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It  would  be  wrong  to  assume,  in  the  case  of  superphosphate  for  in- 
Btaoce,  that  its  effect  was  due  exclusively  to  its  phosphoric  acid,  since 
it  contains  also  sulphuric  acid  and  lime,  which  at  times  may  be  very  ef- 
fective. 

It  is  to  be  note<I,  also,  that  the  quantities  of  nitrogen,  phosphoric 
acid,  and  potash  are  not  the  same,  so  that  the  figures  should  be  under- 
stood as  applying  to  the  quantities  actually  used. 

It  will  be  noted  that  Table  X  contains,  also,  a  column  showing  the 
effects  of  sulphuric  acid  and  lime  together  in  plaster.  Bearing  this  con- 
sideration in  mind,  it  will,  for  our  present  purpose,  suffice  to  treat  the 
effects  of  the  several  fertilizers  as  if  they  were  due  to  their  characteris- 
tic ingredients.  How  we  may  make  use  of  these  figures  in  studying  the 
effects  of  the  several  ingredients  may  be  illustrated  by  the  experiments 
with  com,  as  set  forth  in  part  one  of  Table  X. 

I 

EFFECTS  UPON   CORN. 

1.  Effect  upon  phosphoric  iMid^  t.  e,^  of  superphosphate, — In  eight  experi- 
loents,  ^os.  B,  3,  6,  7,  8, 14,  Bl,  and  B2,  phosphoric  acid  was  decidedly 
the  regulating  ingredient,  the  crop  responding  uniformly  to  it,  and  pay- 
ing comparatively  little  attention  to  the  others.  In  thirteen  experi- 
inefits,  Nos.  A,  C,  5, 11, 12, 15, 16, 18,  20,  21,  22,  23,  and  24,  the  phos- 
phoric acid,  though  not  holding  relatively  so  important  a  place,  was 
more  or  less  useful.  In  six  experiments,  Nos.  2,4,  10, 13,  17,  and  19, 
the  phosphoric  acid  produced  little  or  no  effect,  the  average  inci'ease 
of  the  several  plots  of  each  experiment  being  less  than  4  bushels  per 
acre. 

2.  Effect  of  potash^  i.  e.,  of  muriate  of  potash. — In  three  experiments,  Nos. 
B,  4,  and  20,  potash  was  decidedly  the  regulating  ingredient,  the  crops 
responding  uniformly  to  it,  and  paying  comparatively  little  attention 
to  the  others.  In  fifteen  experiments,  Nos.  A,  B,  6, 9, 11, 12, 13, 14, 17, 
18, 19,  21,  22,  23,  and  24,  potasU,  though  not  holding  so  important  a 
place,  was  more  or  less  useful.  In  ten  experiments,  Nos.  2,  3,  5,  7,  8, 
10, 15, 16,  Al,  and  A2,  potash  produced  little  or  no  effect,  the  average 
increase  of  the  several  plots  of  each  experiment  being  less  than  4  bush- 
els per  acre. 

3.  Effect  of  nitrogefhj  t.  e.,  of  nitrate  of  soda. — In  no  experiment  was 
nitrogen  the  regulating  ingredient.  In  sixteen  experiments,  Nos.  A, 
B,  2,  4,  6,  9, 11, 12, 13, 14, 15, 17,  20,  22,  23,  and  24,  nitrogen,  though 
not  holding  a  very  important  place,  was  more  or  less  useful.  In  ten 
experiments,  Nos.  3,  5,  7,  8,  10,  16,  18, 19,  and  21,  nitrogen  produced 
little  or  no  effect,  the  average  increase  of  the  'several  plots  of  each  ex- 
periment.being  less  than  4  bushels  per  acre. 

Going  over  the  experiments  with  com  in  1878-'79-'80-'81,  as  set 
forth  in  Table  X,  we  may  group  the  results  with  reference  to  the  facts 
of  the  individual  ingredients  as  follows: 

1.  Phosphoric  acid. — This  may  be  taken  as  the  regulating  ingredient 
in  the  following  experiments: 
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1878.  Nos.  B,  3,  (>,  7,  8,  14,  Bl,  and  B2.  1879.  ]S^08.  C,3,  7, 11, 14, 17, 
18,  and  26.  1880.  Nos.  1,  G,  4,  8,  9,  0,  13,  14, 15,  and  20.  ISSU  Kos. 
C,  N,  and  Q. 

As  more  or  less  efficient  in — 
.    1878.  Nos.  A,  D,  5,  11, 12, 15, 16, 18,  20, 21,  22,  23,  and  24.    1879.  Noa. 

4,  6,  6,  8,  9,  F,  13,  15,  20,  21,  22,  23,  and  25.  1880.  Nos.  K,  11, 12,  I,  18^ 
and  19.    18»1.  I^^o.  O. 

As  inefficient  in — 

1878.  Nos.  2,  4,  10,  13,  17,  and  19.     1879.  Nos.  1,  12,  16,  19,  and  B, 

1880.  Nos.  3,  5,  7,  and  H.    1881.  Nos.  P,  M,  and  L. 

2.  Potash  may  be  regarded  as  the  regulating  ingredient  in  the  fol- 
lowing experiments: 

•  1878.  Nos.  D,  4,  and  20.  1879.  Nos.  6,  F,  15,  22,  and  E.  1880.  Nos. 
3,  5,  16,  and  H.    1881.  Noa.  O,  P. 

As  more  or  less*  efficient  in  — 

1878.  Nos.  A,  B,  6, 9, 11, 12, 13, 14, 17, 18, 19,  21,  22,  23,  and  24.  1879. 
Nos.  7,  9,  12,  14,  21,  and  23.  1880.  Nos.  K,  9, 11,  15,  18,  and  20.  1881. 
No.  C. 

As  inefficient  in  — 

1878.  Nos.  2,  3,  5,  7,  8,  10, 15,  16,  Al,  and  A2.     1879.  Nos.  1,  C,  3,  4, 

5,  8, 11,  13,  16,  17,  18,  19,  20,  25,  and  26.  1880.  Nos.  1,  G,  4,  7,  8,  C,  12, 
I,  14, 19.    1881.  Nos.  Q,  N,  L,  M. 

3.  Nitrogen  may  be  taken  as  the  regalating  ingredient  in  the  following 
experiments: 

1878.  None.    1879.  No.  4.    1880.  No.  K.    1881.  No.  L. 
As  more  or  less  efficient  in — 

1878.  Nos.  A,  B,  2,  4,  6. 9, 11, 12, 13, 14, 15, 17, 20, 22,  23,  and  24.  1879. 
Nos.  5,  6,  9, 11, 12, 13, 14, 21, 22,  25,  and  26.    1880.  Nos.  1,  G,  I,  and  19. 

1881.  Nos.  Q,  P. 
As  inefficient  in — 

1878.  Nos.  3,  5,  7,  8, 10,  16,  18,  19,  and  21.  1879.  Nos.  1,  0,  3,  7,  8, 
F,  15,  16, 17,  18, 19, 20, 23,  and  E.  1880.  Nos.  3,  4,  5,  7,  8,  9,  G,  11,  12, 
14, 15, 16,  H,  18,  20.    1881.  Nos.  O,  N,  M,  C. 

The  above  data  for  the  effects  of  the  nitrogen,  phosphoric  acid,  and 
potash  npon  com- may  be  tabulated  together  as  follows: 


i    a 
Effeota  of  the  fertilizing  materiala    I  '^^ 
upon  com.  i  a  a 


In  twentj'-seven  experiment«  of  1878 . 
In  twenty-aix  experimenU  of  1879  . . . 

In  twenty  experimonts  of  18d0 

In  seven  experiments  of  1881 


In   eiahty  experiments  of 
1878-7»-*80-'81 


8 

8 

10 
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29 
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EFFECTS  UPON  POTATOES. 

1.  Phosphoric  acid. — This  may  be  taken  as  the  regalating  iugredient 
ill  the  following  experiments: 

1878.  2^08*  27,  32,  33.  1879t.  Nos.  27,  C,  29, 30, 35,  37.  1880.  Nos.  21, 
22,  2Q.     1881.  0, 1. 

As  more  or  less  efficient  in — 

1878.  Nos.  26,  28,  29,  30,  31.  1879.  Nos.  31,34.  1880.  No.  0.  1881. 
No.  M. 

As  efficient  in — 

1878.  No.  25.    1879.  Nos.  33,  36.    1880.  Nos.  23,  25.    1881.  None. 

2.  Potash, — This  may  be  taken  as  the  regalating  ingredient  in  the 
following  experiments: 

1878.  Nos.  26, 28, 29, 30, 31.  1879.  Nos.  27, 31,34.  1880.  No.C.  1881. 
None. 

As  more  or  less  efficient  in — 

1878.  Nos.  27,  32,  33.  1879.  Nos.  29,  30.  1880.  Nos.  21,  26.  1881. 
C,I. 

As  inefficient  in — 

1878.  No.  25.  1879.  Nos.  0,33, 35,36,37.  1880.  Nos.  22, 23, 25.  1881. 
No.M. 

Nitrogen. — This  may  be  taken  as  the  regalating  ingredient  in  the  fol- 
lowing experiments: 

1878.  No.  25.    1879.  No.  36.     1880.  No.  25.    1881.  No.  M. 

As  more  or  less  efficient  in — 

1878.  No8.  27,  28,  29,  30,  31,  32,  33.  1879.  Nos.  27,  C,  29,  30,  31,  34, 
35.    1880.  Nos.  21,  C.    1881.  Nos.  C,  I. 

As  inefficient  in — 

1878.  No.  26.    1879.  Nos.  33,  37.     1880.  Nos.  22,23,26.     1881.  None. 

The  above  data  may  be  tabulated  thus: 
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EFFECTS    OF    THE    DIFFERENT   INaREDIENTS  IN  SELECTED  EXPERI- 
MENTS. 

The  experiments  from  which  the  above  figures  have  been  taken  were 
conducted  under  all  the  varying  conditions  to  which  plants  are  sub- 
jected in  ordinary  culture.  Many  of  them  were,  of  course,  affected  by 
weather,  tillage,  physical  properties  of  the  soil,  and  other  conditions, 
in  such  ways  as  to  materially  disturb  the  normal  action  of  the  ingre- 
dients. And,  further,  the  irregularities  of  the  soil  in  many  cases  were 
such  that  generalizations  could  be  based  only  upon  averages  of  large 
numbers. 

Accordingly  my  assistant,  Mr.  Yoorhees,  has  gone  over  the  tables, 
selected  the  experiments  which  were,  according  to  the  reports,  com- 
paratively free  from  the  disturbing  influences  of  drought,  cold,  &c.,  and 
whose  results  were  reasonably  uniform,  and  from  these  has  prepared 
what  we  have  called  a  selected  table  of  differences.  (Table  XI  of  the 
Appendix.) 

EFFECTS  UPON   CORN. 

The  results,  taken  from  this  table,  as  before,  may  be  stated  thus: 

1.  Phosphoric  acid  may  be  regarded  as  the  regulating  ingredient  in 
the  following  experiments:  Kos.  B,  3, 8, 12,  C,  7, 14,  C,  80, 11, 15, 19,  C,  81. 

As  more  or  less  efficient  in  Experiments  D,  9,  6,  F,  22,  H,  O. 
As  inefficient  in  Experiments  Nos.  4,  E,  25,  K,  L. 

2.  Potash  as  the  regulating  ingredient  in  the  following  experiments: 
Nos.  D,  4,  9,  6,  F,  22,  E,  H,  O. 

As  more  or  less  efficient  in  Experiments  Nos.  B,  12, 7, 14, 11, 15,  G,  31. 
As  inefficient  in  Experiments  Nos.  3,  8,  C,  25,  K,  C,  80,  19,  L. 

3.  Nitrogen  as  the  regulating  ingredient  in  the  following  experi- 
ments: Nos.  25,  K,  L. 

As  more  or  less  efficient  in  Experiments  Nos.  D,  4,  9, 12,  6, 14, 32, 19. 
As  inefficient  in  Experiments  Nos.  B,  3,  8,  C,  7,  F,  E,  0,  81, 11, 15,  H, 
0, 81,  O. 
The  above  figures  may  be  tabulated  as  follows : 
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EFFECTS  UPON  POTATOES. 

1.  Phosphoric  acid  may  be  taken  as  the  regulating  ingredient  in  the 
followlDg  ei^eriments :  Nos.  27,  33,  31,  1879,  21,  0, 1881,  and  I. 

As  more  or  less  efiBcient  in  Experiments  Nos.  26,  28,  29,  31,  34,  0, 
1880. 
As  inefficient  in  none. 

2.  Potash  as  the  regulating  ingredient  in  the  following  experiments : 
ISTos.  26,  28,  29,  31, 1879,34,  0,  1880. 

As  more  or  less  efficient  in  Experiments  Nos.  27,  33,  21,  G,  1881, 1. 
As  inefficient  in  none. 

3.  Nitrogen  as  the  regulating  ingredient  in  none. 

As  more  or  lessefficient  in  Experiments  liTos.  27,  28, 29, 31, 33,  31, 1879, 
34, 21,  O,  1880,  C,  1881,  I. 
As  inefficient  in  No.  20. 
Or,  tahalating  as  before,  we  have: 
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It  is  a  very  striking  fact  that  the  potatoes  should  have  responded  well 
to  the  three  ingredients  in  nearly  every  case  where  drought  or  other  un- 
toward conditions  did  not  interpose. 

This  particular  part  of  the  discussion  will  be  resumed  further  on. 
Meanwhile  we  may  devote  a  few  words  to  the  relations  of  corn  to  the 
nitrogen  supply. 


KBCAPITULATION  OF  THE  EFFECTS   OF    NITROGENOUS    FERTILIZERS 

UPON   CORN. 

Estimating  a  bushel  of  corn,  with  its  cobs  and  stalks,  to  contain  1^ 
of  nitrogen,  and  to  be  worth  80  cents,  the  effects  of  the  nitrogenous  fer- 
tilizers in  the  special  and  in  the  general  experiments  may  be  summarized 
as  follows,  remembering  that  the  superphosphate  and  potash  salt, 
^^  mixed  minerals,"  supplied  the  amounts  of  phosphoric  acid  and  potash 
in  a  crop  of  not  far  from  55  to  60  bushels,,  which  would  also  contain 
about  the  72  pounds  of  nitrogen. 
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Average  results  of  experiments  with  corn  in  Iri78,  1879,  1880,  and  1881. 
[BaslielB  of  com  and  poonda  of  nitrogen  in  crop  per  acre.] 


"Mixed minerala '* alone  . . 
Same  +24  ]>oiinds  nitrogen . 
Same  +48  poonds  nitrogen 
Same  +72  pounds  nitrogen 
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Id  the  general  experiments  of  the  mixture  of  300  pounds  of  superphos-  I 
phate  and  200  pounds  muriate  of  potash  brought,  on  the  average  of  fifty- 
three  experiments,  about  43^  bushels  of  shelled  com  per  acre.  The 
special  experiments,  however,  seem  to  me  a  fairer  test  of  what  the  fer- 
tilizers may  do,  because,  while  made  in  all  sorts  of  weather  and  on  worn-  ^ 
out  soils,  they  were  nearly  all  on  soils  and  in  latitudes  fit  for  corn,  as 
many  of  the  general  experiments  were  not.  In  these  the  mixture  of  300 
pounds  of  superphosphate  and  150  pounds  of  potash  salt,  which  can  be 
bought  for  $8.25,  brought,  on  the  average,  43  bushels  of  shelled  com 
per  acre.  Omitting  Mr.  Newton's  experiment  (Appendix,  Tables  I  and 
III),  the  results  of  which  are  very  exceptional,  the  average  is  44J 
bushels. 

The  experiments  of  the  four  seasons  bear  almost  unanimous  testimony 
to  two  things:  The  corn  was  helped  but  little  by  nitrogen  in  the  fertil- 
izers; and  it  gathered  a  good  deal  from  natural  sources.  The  increaae 
of  crop  and  of  nitrogen  in  the  crop  will  appear  more  clearly  if  we  look 
at  it  another  way  : 
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Or,  considering  the  nitrogen  as  paying  for  itself  when  the  value  of 
the  increase  of  crop  that  came  with  its  use  equaled  or  exceeded  the  cost 
of  the  nitrogen,  and  expressing  the  results  in  dollars  and  cents: 
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The  only  cases  in  which  the  largest  rations  were  profitable  were  in  the 
experiments  of  Mr.  Newton. 

The  above  calculations  of  pecuniary  loss  and  gain  of  course  apply  only 
to  those  regions  where  corn  is  dear.  But  even  at  these  rates  the  nitro- 
gen increased  the  crop  enough  to  pay  its  costs  in  only  38  trials  out  of 
213.  The  pecuniary  loss  rose  and  fell  with  the  amount  of  nitrogen  used. 
With  mineral  fertilizers  alone  the  crop  gathered,  b}'  the  above  estimates^ 
some  60  pounds  of  nitrogen  per  acre. 

The  important  fact,  however,  is  this :  The  corn  plant  has  in  these  trials 
shown  itself  capable  of  getting  on  and  bringing  fair  yields  with  small 
amounts  of  the  less  costly  mineral  fertilizers,  even  in  the  worn-out  soils 
of  the  Eastern  States.  With  this  help  it  has  gathered  its  nitrogen  from 
natural  sources,  and  holds  it  readily  to  be  fe<i  out  on  the  farm  and  re- 
turned in  the  form  of  manure  for  other  crops.  In  other  words,  the  ex- 
periments thus  far  imply  that  corn  has,  somehow  or  other,  the  power  to 
gather  a  great  deal  of  nitrogen  from  soil  or  air,  or  both ;  that  in  this 
respect  it  comes  nearer  to  the  legumes  than  the  cereals;  that,^  in  shorty 
com  may  be  classed  with  the  ** renovating"  crops.  If  this  is  really  so, 
and  this  can  be  settled  only  by  continued  experimenting,  then  our  great 
cereal,  instead  of  being  simply  a  consumer  of  the  fertility  of  our  soils, 
may  be  used  as  an  agent  for  their  restoration. 

THE   DOMINANT  FERTILIZING  INGREDIENTS. 

The  experiments  and  the  theory  of  M.  Ville. — It  will  be  interesting  to- 
note  in  how  far  the  theory  of  ^'dominant  ingredients"  is  borne  out  by 


74  FIELD   EXPERrMENTS    WITH    VARIOUS    FERTILIZERS. 

the  experiments.    According  to  Yille  the  ^^  dominant  for  corn  is  phos- 
phoric acid. 

The  effects  of  nitrogen,  phosphoric  acid,  and  potash  are  very  clearij 
«hown  above,  in  the  discussion  of  the  '^ table  of  differences."    As  there, 
oihown  (see  Tables  X  and*XI  of  the  Appendix  and  the  recapLtulatioa  . 
:above),  in  some  of  the  experiments  the  phosphoric  acid  was  a  decidedly  . 
regulating  ingredient,  the  corn  respond  uniformly  to  it,  and  pay  com- 
paratively little  attention  to  the  others.    In  others  the  superphosphate, 
though  not  holding  so  important  a  place,  was  more  or  less  useful.    In 
43 till  others  the  8uperi>hosphate  produced  little  or  no  effect,  the  average 
increase  of  the  several  plots  in  each  experiment  being  less  than  4  bash- 
•els  per  acre.    In  like  manner  the  potash  was  occasionally,  though  less 
often,  the  regulating  ingredient.    Often  it  had  a  considerable  effect,  but 
as  often  produced  no  marked  results.    The  nitrogen  may  be  regarded 
as  the  regulating  ingredient  in  only  a  very  few  trials,  and  of  Ihese  nearly 
^1  were  in  a  single  field,  in  which  the  experiments  of  Mr.  Newton  were 
made. 

In  brief,  phosphoric  acid  took  the  leading  place  often,  potash  occa- 
sionally, and  nitrogen  very  rarely.  In  bad  seasons,  and  on  some  soils 
in  good  seasons,  neither  material  had  any  effect.  The  most  effective 
ingredient  depended  upon  soil  and  season. 

IS    CORN    IN    ITS    RELATIONS    TO    NITROGEN    MORE    CLOSELY  ALLIED 

TO  THE  CEREALS  OR   THE  LEGUMES f 

In  relation  to  this  question  I  can  do  no  better  than  repeat  what  was 
^aid  in  a  previous  report : 

Our  experiments  imply  that  com  shares,  to  a  considerable  extent,  the  power  of  the 
legumes  for  gathering  nitrogen  from  natural  sources.  One  thing,  however,  detracto 
fh>m  their  decisiveness.  Most  of  the  trials  w^re  on  old  grass  land  which  contained 
large  quantities  of  roots  on  which  the  corn  doubtless  fed.  How  well  it  could  provide 
itself  with  nitrogen  from  nitrogen  compounds  in  the  soil  and  from  air  without  the 
roots  to  feed  upon  is  not  settled. 

The  experiments  are  numerous  and  decisive  enough  to  warrant  the  inference  tbst, 
as  corn  is^oommonly  grown,  nitrogenous  fertilizers  in  any  considerable  quantity  would 
be  rarely  profitable.  They  imply  that  corn  has  somehow  or  other  the  power  to  gather 
41  great  deal  of  nitrogen  from  soil  or  air,  or  both ;  they  imply  that  iii  tfiis  respeot^ 
-comes  closer  to  the  legumes  than  the  cereals — that,  in  short,  corn  may  be  classed  with 
the  renovating  crops. 

THE  FEEDING  CAPACITIES  OF  POTATOES  AND  OTHER  PLANTS. 

Our  expenments  throw  some  light  upon  this  question,  as  may  be  seen 
especially  in  Tables  X  and  XII  of  the  Appendix.  Thus,  in  the  experi- 
ments of  Mr.  Bartholomew,  detailed  in  !No.  C  of  Tables  I  and  II,  con 
^nd  potatoes  were  grown  side  by  side  under  precisely  similar  treat- 
ment. 

The  corn  paid  scarcely  any  attention  to  the  potash  and  very  little  to 
the  nitrogen,  but  responded  largely  to  the  phosphoric  acid.  The  pota- 
toes, on  the  contrary,  were  helped  in  a  very  marked  degree  by  super- 
phosphate and  potash  salt,  and  by  nitrogen  in  all  its  forms — nitrate  of 
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aoda,  sulphate  of  ammonia,  dried  blood,  the  mixture  of  all  these,  and 
Peruvian  guano.  Experiments  on  ai^acent  fields  have  brought  exactly 
eoncordant  results.  In  Mr.  Bartholomew's  four  years'  experimenting 
both  crops  have  uniformly  responded  to  phosphoric  acid;  but,  while 
com  has  paid  little  heed  to  nitrogen  in  commercial  fertilizers  in  any 
form,  and  almost  none  to  potash,  potatoes  have  as  regularly  responded 
to  both. 

Similar  results  may  be  observed  in  the  experiments  of  Mr.  Benson  in 
Tables  YI  and  VII  of  Appendix,  and  Professor  Jordan  (Tables  I  and 
YII),  in  which  com  and  potatoes  were  grown  side  by  side.  In  the  ex- 
periments of  Mr.  Fairchild,  also,  which  are  detailed  in  the  tables,  corn 
and  potatoes  have  both  responded  to  all  three  ingredients.  But  while 
the  com  has  paid  but  little  heed  to  potash,  scarcely  any  to  nitrogen, 
the  x>otatoe8  have  been  largely  benefited  by  both. 

If  potatoes'  get  so  much  help  from  nitrogen  and  potash  in  Mr.  Bar- 
tholomew's land,  where  corn  can  provide  itself  with  these  materials 
without  aid  from  fertilizers,  it  would  seem  fair  to  expect  them  to  re'' 
spond  to  the  same  materials  in  almost  any  place  where  weather  and 
other  circumstances  favor  their  growth.  Exactly  this  is  the  case  in 
the  experiments  in  general,  as  may  be  seen  by  reference  especially  to 
Tables  X  and  XI,  and  the  recapitnlation  of  the  figures  in  the  discussion 
above. 

In  brief,  the  results  obtained  each  successive  season  confirm  the 
statement  made  in  a  former  report,  that — 

Taking  all  in  all,  the  potatoes  responded  to  the  superphosphate,  potash  salt,  and 
nitrogenous  fertilizers  in  almost  every  case  where  the  weather  permitted  fair  growth. 
Hone  of  the  other  crops  except,  perhaps,  turnips  have  shown  such  uniformly  benefi- 
cial results  from  all  the  materials. 

The  experiments  indicate  very  decidedly  that  the  potato  plant  differs  from  many 
others  in  respect  to  the  effect  of  these  fertilizing  materials  upon  its  growth,  and  imply 
that  it  has  leas  capacity  than  corn  for  gathering  an  adequate  supply  of  food  from 
natural  sources.  It  seems  to  demand  a  full  and  immediately  available  supply  of 
nourishment  for  its  successful  growth. 

Concerning  the  other  crops,  the  data  at  hand  are  too  meager  to  warrant  any  gen- 
eral conclusions.  *  *  *  In  general,  however,  the  experiments  accord  with  the 
common  notion  that  makes  superphosphate  almost  a  specific  for  turnips.  But  they 
imply  that  even  when  the  superphosphate  is  supplied  in  abundance,  the  turnip  is  not 
nmially  able  to  gather  enough  of  the  other  materials  for  a  full  yield  unless  they  are 
close  at  hand  in  readily  available  forms. 

THE  TEACHING  OP  THE    EXPERIHENTS    BEGABDING    FORMULAS    FOB 

FERTILIZERS. 

Ville's  formula  for  an  acre  of  corn,  as  explained  above,  is  as  follows : 

Material*.  Ingredient..  Co8*„S    i^t'^fo^; 


Add  pbosp^hate  of  iimr54o  pounds I  iSSiiT^'p^^rdr.'!;:::;:-     ?S      SS 

%lplute  of  lime.  390  poands 1  44  1  44 


Cost  In 
formala. 

99  20 
9  45 
7  00 
1  44 

27  00 

10  25 
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The  prices  of  the  valuable  ingredieuta  are  stated  both  as  M.  Yilld 
recommends  and  as  they  may  be  bought  in  the  equally  good  anil 
cheaper  materials,  like  nitrate  of  soda,  guano,  bone,  and  potash  8alt% 
Mrhich,  with  many  important  facts  in  agricultural  chemistry,  hissystev^ 
curiously  ignores. 

It  is  questionable  whether  so  much  of  superphosphate  or  plaster  aft 
this  formula  requires  would  be  often  profitable.  In  the  experimentv^ 
potash  was  frequently,  and  nitrogen  in  small  quantities  occasionally^ 
profitable,  but  the  idea  of  using  such  a  costly  material  as  nitrate  oi| 
potash  to  furnish  them  is  economically  absurd. 

As  long  as  soils  and  seasons  continue  to  difier,  then  formulas  to  fit  all 
ca«es  are  simply  out  of  the  question.  At  the  same  time  there  are  manj; 
cases  in  which  a  man  does  not  know  what  his  soil  requires,  and 
better  aflford  to  use  a  complete  fertilizer,  and  pay  the  penalty  of 
ignorance  in  the  purchase  of  superfluous  materials,  than  to  run  the 
of  losing  his  crop.  Formulas  are  irrational,  but  they  mark  the  fint 
step  in  the  i>rogress  toward  rational  fertilization. 

THE  EFFECTS  OF  NITROGEN  IN  DIFFERENT  FORMS  OF  COMBINATIOK* 

In  comparing  the  efi'ects  of  nitrogen  in  the  forms  of  nitric  aeid^ 
ammonia,  and  organic  nitrogen,  I  had  expected  to  find  some  marked 
differences;  enough,  perhaps,  at  least,  to  show  a  balance  in  favor  of  one 
or  the  other;  but  a  careful  study  of  Table  XII  of  the  appendix,  where* 
very  considerable  number  of  comparative  trials  are  averaged  together, 
fails  to  show  any  marked  excess  of  yield  by  either,  in  the  experiments 
with  either  corn  or  potatoes.  Those  with  the  other  crops  have  hem 
too  few  to  warrant  any  generalization. 

FURTHER  SUMMARY  OF  EFFECTS  OF  INGREDIENTS  OF  FERTILIZERS* 

I  give  further  results  of  the  experiments  as  shown  by  the  tables  in 
the  appendix,  especially  the  "  tables  of  difference,"  Tables  X  and  XI 
of  the  appendix. 

1.  In  a  report  of  the  experiments  of  1878  it  was  stated  that:  The, 
effects  of  the  different  materials  on  the  poorer  soils  were  generally  very 
uniform.  On  the  better  soils  they  were  more  varied.  This  fact  sap- 
ports  the  view  that  the  experiraeTits  are  generally  reliable  as  tests  of 
the.wants  of  worn-out  soils,  those  which  have  only  their  natural  strength 
to  rely  upon ;  but  are  not  to  be  depended  upon  for  rich  soils,  those  that 
have  an  accumulated  store  of  plant-food  to  draw  from. 

2.  It  is  commonly  stated  that  superphosphates,  potash  salts,  and 
other  like  materials  are  more  effective  when  used  together  than  sepa- 
rately. That  complete  fertilizers  are  more  reliable  and  effective  than 
partial  fertilizers  is  very  certain.  But  if  it  is  meant  that  the  increase 
from  the  use  of  a  given  material,  as  potash  salt,  is  greater  when  it  is 
applied  with  other  fertilizers  than  when  it  is  used  alone,  the  assertion 
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s  Dot  supported  so  decidedly  by  these  experimenU*.  Still,  on  the  whole, 
he  balance  is  in  favor  of  the  use  of  mixtures.  This  has  been  especially 
rue  in  the  experiments  with  potatoes.  Here  nitrate  of  soda,  super* 
Aosphate,  and  muriate  of  potash  have  each  been  much  more  efficient 
n  the  complete  fertilizer  than  alone  or  in  the  partial  fertilizers. 

3.  Nitrate  of  soda  was  most  effective  where  used  in  connection 
rith  other  materials  on  potatoes.  Alone  on  potatoes,  and  either  alone 
IT  with  other  materials  on  corn,  it  was  generally  unprofitable,  though 
D  a  few  cases  the  results  are  very  striking.  As  regards  the  other  crops, 
he  data  are  insufficient  for  generalization. 

4.  Superphosphate. — Superphosphate  has  proved  profitable  for 
k»rn  usually,  and  for  potatoes  in  every  case  where  bad  weather  and 
ither  untoward  circumstances  did  not  interfere.  It  has  been  most  useful 
hi  the  poorer  and  medium  soils.  With  com  on  the  rich  soils  it  has  had 
ess  and  sometimes  almost  no  effect. 

5.  Plaster. — ^The  effect  of  the  plaster  has  been  extremely  variable; 
N>metimee  quite  unpronounced,  and  sometimes  very  marked. 

6.  Muriate  of  potash  proved  profitable  with  corn  very  frequently; 
with  potatoes  in  nearly  every  case  where  not  interfered  with  by  bad 
ireather  and  other  disturbing  causes.  Contrary  to  the  common  doctrine, 
^tash  salts  did  not  prove  more  efficient  with  other  fertilizers  than  when 
ised  alone,  though,  of  course,  the  best  results  were  obtained  when  it 
ras  used  with  other  fertilizing  materials.  It  is  noticeable  that  in  cases 
»f  drought,  or  where  the  fertilizers  were  applied  in  the  hill  or  drill,  both 
nanate  of  potash  and  nitrate  of  soda  were  often  injurious.  With  the 
mixture,  too,  this  was  especially  the  case. 

tHE  EFFECTS  OF  FERTILIZERS  ON   THE  DIFFERENT    KINDS  OF  SOIL. 

I  think  that  the  more  carefully  the  tabular  statement  of  the  results 
ire  studied  the  more  correct  will  the  following  statement,  from  one  of 
the  reports  of  experiments  above  referred  to,  appear : 

Indeed,  without  more  and  more  definite  data  than  are  given  by  these  or  any  other 
Held  experiments  I  have  ever  known  of,  I  see  no  prospect  of  getting  at  any  reliable 
leneralizations  as  to  the  kinds  of  soils  on  which  such  fertilizers  are  or  are  not  bene- 
ieial.  The  fact  is  that  the  circumstances  of  composition,  texture,  absorptive  power, 
lad  relations  to  moisture  and  heat  of  the  soils,  of  climate  and  season,  of  previous 
tillage,  manuring,  and  crops  are  so  complex  and  variable  that  no  such  empirical  ex- 
periments as  it  is  possible  to  carry  on  in  field  culture  can  bring  full  and  definite  infor- 
mation as  to  the  ways  in  which  soils  and  fertilizers  supply  food  to  plants  or  other- 
wifle  affect  their  growth.  These  problems  must  be  also  studied  by  the  more  accurate 
methods  and  with  the  control  of  conditions  which  are  possible  only  in  culture  on  a 
■nail  scale,  in  the  greenhouse  or  garden,  and  with  the  appliances  and  help  of  the 
bboratory. 

EFFECTS  OF  THE  DIFFERENT   FERTILIZERS  UPON    THE  QUALITY  OF 

THE  CORN.' 

In  an^acconnt  of  the  experiments  in  the  report  of  Connecticut  Board 
^t  Agricaltare  for  1880,  some  statements  were  given  respecting  the 
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effects  of  the  different  fertilizers  upon  the  qaality  of  the  com,  and  the 
ratio  of  stalks  to  grain.  It  seemed  worth  while  to  collate  the  figures^ 
if  for  no  other  purpose  than  to  test  the  correctness  of  the  theories  oftea 
broached  respecting  the  effect  of  nitrogen,  phosphoric  acid,  potash,  &c^ 
upon  the  crop.  As  will  be  seen  ft*om  the  following  extract  from  thi 
report  referred  to,  no  very  definite  theory  is  borne  out  by  the  experi- 
inents.  It  has  not  seemed  to  me,  therefore,  worth  while  to  carry  the 
computations  into  the  experiments  of  1881. 

The  effects  of  the  different  fertilizers  on  the  proportion  of  good  to  poor  com,  and 

of  com  to  stalks,  are  worth  noting.    A  number  of  experimenters  reported  the  amomiti 

of  **  good ''  and  "  poor  "  com.    The  percentages  of  "  good  "  com,  t.  e,,  the  nnmbtt  cl 

pounds  in  100  ponnds  total  corn  as  reported  by  the  experimenters,  are: 

« 
Number  of  pounds  of  good  corn  in  100  poundt  of  total  oornj  with  ike  different  ferUliMen, 
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Nnmber  of  experlmest. 
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Average  of  twelve  experimento  in  1880 . 
AverAge  of  fourteen  experiments  in 

1879? TT. 
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The  figures  accord  with  the  common  experience  that  the  largest  yield  gives  also 
the  largest  proportion  of  good  com.  Otherwise,  no  relation  between  the  fertilizeii 
and  the  proportions  of  good  and  poor  corn  is  discoverable. 


RATIO   OF   STALKS  TO   SHELLED  CORN. 


The  weighings  of  com  and  stalks  were  made  at  different  stages  of  dryness.     In 
cases  the  stalks  were  cut  above  the  ears,  in  others  close  to  the  ground.     The 
are  consequently  discrepant.    The  averages  are  interesting  as  showing  the  relatil 
effects  of  the  fertilizing  materials. 
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Number  of  pounds  of  stalks  to  JOO  pounds  of  shelled  corn. 


Number  of  experiment. 


2 

3 
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8 
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Atermge  of  ten  experimentB  in  1880 — 
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1878-'80 


o. 

A. 

ti 

ft; 

a 
1 

1 

^ 

Jzi 

M4 

428 

880 

228 

168 

199 

118 

98 

98 

86 

102 

198 

129 

111 

81 

122 

196 

99 

118 

108 

186 

169 

149 

166 

173 

143 

168 

158 

B.    j    C 


.a 

p. 

m 
o 


116 
145 

92 
126 

66 

96 
111 

94 
106 
112 


106 
120 
149 

126 


c. 

D.  i 

i 

M 

a  . 

•d 

rs  2 

a« 

«« 

• 

^ 

•m 

d* 

^ 

127 

240 

219 

406 

176 

168 

123 

108 

104 

91 

101 

97 

147 

108 

174 

94 

108 

96  , 

116 

108  ' 

1 

B. 


I 

& 

9 
I 


151 
182 
160 
121 
108 


188 
168 
146 

151 


151 
105 
129 

127 


168 

168 

88 


138 
162 
176 

168 


F. 

'9 

9 


It 

m 
o 
.A 


671 

159 

154 

98 

92 

lU 

175 

91 

109 


186 
141 
128 

150 


G. 


•c 

o 

.A 

Ml 


i 


Is 


140 
124 
181 

138 


H. 


a 


291 

305 

■  ■  •  • 

170 

158 

12» 

181 

150 

86- 

180 

107 

•  «  •  • 

102 

99 

•  •  *  « 

122 

174 

89 

ISC' 

94 

101 

•  w  •  • 

129 

106 

•  •  •  • 

142 
219 
189 

172 


8 

a 

I 


114 
IW 

iJBa 

122. 


The  proportion  of  stalks  to  shelled  corn  is  smaller  in  the  larger  crops,  and  coa- 
Tersely  the  poorer  crops  have  more  stalks  for  the  same  amonnt  of  corn  than  the  better 
erope.  Contraiy  to  what  is  commonly  supposed,  the  nitrogenous  fertilizing  ma- 
terials do  not  seem  to  have  increased  the  amount  of  stalks  as  compared  with  com. 

MODB   OF  APPLYIKG  THE  FERTILIZERS,  WHETHER  BROADCAST  OR  IN 

THE  HILL  OR  BRILL. 

I 

The  following  is  from  an  account  of  the  experiments  in  one  of  the^ 
Connecticat  reports  referred  to: 

The  testimony  of  the  experiments  is  on  the  whole  against  applying  in  the  hill  or 
^  drill.    The  best  results  in  the  majority  of  oases  came  where  the  fertilizers  were  sown 
^  broadcast.     Several  of  the  very  beet  were  where  the  materials  were  scattered  over  a 
'  strip  a  couple  of  feet  or  so  wide  along  the  rows.    Many  of  the  worst  results  were 
^'  where  the  fertilizers  were  put  in  the  hill  or  drill.    The  nitrate  of  soda  and  potash 
salts  thus  applied  often  injured  the  crops,  especially  in  dry  weather.    The  following 
^   from  the  directions  for  the  experiments  is  not  out  of  place  here : 
,       ''The  fertilizers  may  be  applied  broadcast,  or,  if  more  convenient,  they  may  be  put< 
in  the  hill  or  drill,  provided  they  are  toell  diffused  through  the  soil.    To  accomplish  thts^ 
they  had  better  be  diluted  with  several  times  their  bulk  of  earth  before  using.    The 
important  points  are,  that  they  be— 
"  Ist.  Applied  evenly  over  the  plots  where  1  hey  belong  and  not  allowed  to  get  ont- 
1 '  side. 
^      "  2d.  Well  distributed  through  the  soil. 

"Experiments  with  concentrated  fertilizers  are  often  spoiled,  just  as  crops  are  in- 
jured or  lost  through  wrong  application.  Farmers  are  apt  to  think  that  the  manure' 
most  be  put  close  to  the  seed  or  the  plant  will  not  get  the  benefit  of  it.  This  is  wrong. 
It  is  not  the  just  germinated  plantlet  that  needs  the  manure,  but  the  plant,  from  the 
time  it  is  well  started  until  its  growth  is  done.  We  want,  not  only  to  give  the  crop 
ft  good  start,  but  to  help  it  out  on  the  home  stretch  as  well.  The  roots  and  their 
branching  rootlets  run  out  in  all  directions  in  search  of  food,  and  the  fertilizers  ought 
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to  be  where  as  many  of  the  rootlets  as  possible  can  get  at  them.  If  we  diatribnte  the 
fertilizers  as  well  as  we  can,  the  water  in  the  soil,  aided  by  the  chemical  andphyn^ 
forces  that  nature  keeps  in  operation,  will  do  the  rest.  In  illastration  of  this  remem- 
ber  how  well  barii-mannre  acts  when  applied  as  a  top-dressing  long  before  the  seed 
is  put  in. 

'*  But  if  we  concentrate  the  fertilizers  in  one  place  fewer  roots  will  get  them,  and 
these  may  be  injured  by  coming  in  contact  with  them  or  with  their  concentrated 
flolutions  in  the  soil.  The  roots  will  find  their  way  to  the  manure  and  develop  more 
where  it  lies,  it  is  true,  still  we  should  not  oblige  them  to  huddle  together  in  on« 
place,  but  should  rather  encourage  them  to  spread  around,  where,  with  the  incresaed 
capacity  the  fertilizer  gives  them,  they  can  get  the  more  from  the  soil.  Roots  join 
with  other  natural  agents  in  rendering  inert  stores  of  plant  fo6d  available. 

''Above  all,  do  not  let  the  fertilizers  come  too  close  to  the  seed.  A  coarse,  dilate 
material  like  yard  manure  may  do  the  plants  no  harm,  but  such  concentrated  fer- 
tilizers as  potash  salts,  dried  blood,  nitrate  of  soda,  or  high  grade  superphosphates 
may  kill  them.'' 

CHEMICAL  FERTILIZERS  VS.   FARM  MANURES. 

Of  course  no  fair  comparisons  can  be  made  between  the  artificial  fer- 
tilizers whose  composition  was  definite  and  constant,  and  the  farm  ma- 
nures whose  amount  and  quality  were  so  variable  and  uncertain.  It 
aeems  fair  to  presume,  however,  that  the  men  who  make  these  experi- 
ments would  apply  liberal  doses  of  goo<l  manure  on  the  small  plots. 
The  average  yield  and  increase  from  the  farm  manures,  complete  fertil- 
izer G,  and  mixture  of  superphosphate  and  potash  salt  F,  in  the  experi- 
ments in  which  the  farm  manures  were  used,  were  as  shown  in  the  table 
giving  averages  of  results  of  experiments  of  1878  and  1881 : 


Boflhela  per  acn;. 


Farm 
manares. 


Corn 

Potatoes ! 

Tamips 


C  Produce 
I  Increase 
C  Prodace 
}  Increase 
(Produce 
I  Increase 


45.3 

20.5        i 

130. 1        I 

58.0 

374.0        ! 

120.0 

1 

Complete 

chemical  fer- 

tUixer. 


47.7 

210 

154.6 

82.5 

SOLO 

256.0 


Miztopaof 

aaperphotphats 

and 

potash  salt. 


4L8 

17.0 

128.9 

56lS 

40L0 
156.0 


The  following  statements,  from  the  Connecticut  report  referred  to, 
are  in  place  here: 

The  yield  and  increaee  of  corn,  potatoes,  and  turnips  were  much  larger  with  the 
complete  chemical  fertilizer  than  from  the  farm  manures.  The  mixture  of  superphoft* 
phate  and  potash  salt  excelled  the  farm  manures  with  potatoes  and  turnips,  and  fell 
slightly  behind  them  with  com. 

Concerning  quality  of  crop,  as  previously  stated  the  few  experimenters  who  reported 
definitely  pronounced  in  favor  of  the  chemicals,  especially  for  potatoes,  which  they 
«ay  are  smoother  and  less  disposed  to  rot  with  the  chemicals  than  with  the  farm  ma- 
nures. 

In  very  many  of  the  cases  where] the  weather  was  reported  especially  unfavorable 
on  account  of  excessive  cold,  wet,  or  drought,  the  chemicals  have  brought  better 
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yields  than  the  farm  manures.  Farm  mailures  have  the  advantage  over  chemical  fer- 
tilizers in  that  their  organic  matter  tends  to  improve  the  mechanical  condition  of  soilSj 
counteract  drought,  and  aid  in  rendering  soil-food  available^  and  perhaps  to  facilitate 
tbe  assimilation  of  atmospheric  nitrogen  also.  Coucentrated  fertilizers  have  the  ad- 
vantage of  supplying  the  food  in  readily  available  forms,  while  they  also  aid  in  im- 
proving the  texture  of  the  soil  and  setting  plant-food  free  in  various  ways  not  fully 
understood. 

Mr.  Lawes,  of  Rothamsted,  says  that  to  get  largo  crops  he  would  use  artificial  fer- 
tilizers rather  than  farm  manures.  Ville  claims  like  superiority  for  the  chemicals, 
And  cites  averages  of  some  hundreds  of  experiments  in  proof.  But  I  hi^ve  always  felt 
a  little  skeptical,  and  must  confess  that,  especially  in  view  of  the  small  quantity  of 
chemicals  used  in  these  experiments,  the  heavy  balance  in  their  favor,  even  in  bad 
weather,  has  surprised  me. 

As  to  how  the  after  effects  of  the  two  classes  of  materials  will  compare  the  future 
must  decide.  I  should  expect  the  farm  manures  to  be  more  lasting.  Speaking  roughly, 
the  mixture  of  superphosphate  and  potash  salt  contains  about  as  much  of  the  mineral 
elements  of  plant-food  as  eight  or  ten  tons  of  good,  well-cured  stable  manure.  The 
complete  fertilizer  contains  also  about  one-third  or  one-fourth  as  much  nitrogen  as- 
the  same  quantity  of  manure.  The  balk  of  the  phosphoric  acid  and  potash  of  both 
will  stay  in  the  soil  until  removed  by  plants.  The  nitrogen  is  exposed  to  more  or  less 
rapid  loss  by  entering  into  insoluble  compounds  in  the  soil,  by  leaching  away  beyond 
the  reach  of  plants,  and  by  escaping  as  free  nitrogen  into  the  air.  It  would  seem  fair 
to  expect  that  the  effect  of  a  dressing  of  stable  manure,  with  its  slower  action  and 
larger  proportion  of  nitrogen,  would  last  longer  thau  the  chemicals. 

PRACTICAL  APPLICATIOSS. 

The  general  results  of  the  experiments  taken  together  may  be  summed 
up  nearly  as  follows : 

1.  It  must  be  remembered  that  the  trials  were  not  only  subject  to  all 
the  Yicissitudes  of  the  weather  and  season,  heat  and  cold,  heat  and 
drought,  but  were  made  on  soils  of  all  sorts,  mostly  very  poor.  The 
directions  were  to  select  worn-out  soils,  and  often  they  were  ill-adapted 
to  the  crops  grown  upon  them;  hence  the  average  results  with  a  given 
crop  do  not  fairly  represent  what  might  be  expected  under  favorable 
conditions  and  on  soils  adapted  to  its  growth. 

2.  The  largest  yield  came  with  the  '^complete"  chemical  fertilizer  {0) 
(see  "  description  of  general  experiments,^  and  Tables  IV  and  IX  of  Ap- 
pendix), which  supplies  150  pounds  of  nitrate  of  soda,  300  pounds  of 
superphosphate,  and  150  to  200  pounds  of  muriate  of  potash,  at  a  cost 
of  51  little  over  $15  per  acre. 

No.  G  has  brought  by  far  the  best  results.  It  was  generally  the  most 
profitable  of  all  with  potatoes,  and  often  so  with  corn  and  other  crops. 
This  mixture  has  not  only  brought  larger  yields  than  the  farm  manures, 
but  has  also  proved  more  certain,  in  favorable  seasons  and  in  cold,  wet, 
and  drought.  I  would  not  propose  these  proportions  for  general  use, 
however.  Less  potash  and  more  nitrogen  would  often  be  better,  espe- 
cially for  grain,  potatoes,  and  garden  vegetables.  The  object  here  was 
to  test  soils,  and  not  to  get  the  largest  possible  yields. 

3.  The  next  largest  average  yield  is  with  the  farm  manures.    Then 
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follows  the  mixture  of  superpliosphate  and  muriate  of  potash  {F).    Thii 
latter  averaged  most  profitable  of  all  for  corn. 

4.  Kext  came  the  mixture  of  nitrate  of  soda  and  superphosphate  (E)J 
That  this,  which  contained  superphosphate  and  nitrate  of  soda,  should 
bring  a  lower  average  3iold  than  the  mixture  of  superphosphate  and 
potash  salt  with  every  crop  on  which  the  number  of  trials  is  large  euongb 
to  warrant  any  general  conclusions,  is  certainly  a  significant  fact.  Our 
ordinary  guanos,  ammoniated  superphosphates,  and  fish  manures  con- 
tain (like  E)  nitrogen  and  phosphoric  acid  with  a  little  or  no  potash. 
Nitrogen  is  the  costliest,  and  potash  one  of  the  chea|)er,  of  the  valuable 
ingredients  of  ordinary  fertilizers.  Coutinued  experience  emphasizes 
the  statement  that  manufacturers  and  users  of  ammoniated  superi>ho8' 
phate  would  do  well  to  consider  the  propriety  of  either  adding  potash 
salts  or  substituting  them  for  nitrogenous  materials  in  their  fertilizers. 
Indeed,  I  see  many  are  doing  so. 

5.  The  mixture  of  nitrate  of  soda  and  potash  salt  was  the  least  efficient 
of  all. 

6.  As  to  the  efficiency  of  the  materials  separately,  the  nitrate  of  soda 
was  rarely,  the  sulphate  of  lime  frequently,  the  muriate  of  potash  very 
often,  and  the  superphosphate  generally,  useful.  Doubtless  coQsider- 
able  of  the  eflPect  of  the  superphosphate  was  due,  in  many  cases,  to  the 
sulphuric  acid  and  lime. 

7.  The  results  with  ashes  are  variable,  though,  generally  speaking, 
they  have  been  ef&cacious. 

8.  One  of  the  chief  defects  of  these  experiments  is  that  so  few  parallel 
trials  with  lime  have  been  made.  There  are  many  cases  in  which  a  dress* 
iug  of  lime  is  the  cheapest  and  best  means  of  improving  the  laud. 

ARTIFICIAL  FERTILIZERS  VS.  FARM  MANURES. 

9.  Kot  only  did  the  complete  chemical  fertilizer  bring  a  larger  aver- 
age increase  than  farm  manures  as  actually  used,  and  the  mixture  of 
superphosphate  and  potash  salt  nearly  as  large,  but  the  quality  of  the 
crop  was  generally  better  with  the  chemicals.  Potatoes  especially  were 
finer  in  quality  and  less  disposed  to  rot  with  the  artificial  fertilizers  than 
with  the  farm  manures. 

AS  TO  THE  EFFECT  OF  THE  FERTILIZERS  UPON  DIFFERENT  CROPS. 

10.  Potatoes  and  turnips  responded  most  profitably  to  the  comx)lete 
fertilizer  in,  nearly  every  case.  Corn,  on  the  other  hand,  was  largely 
helped  by  the  superphosphate  and  potash  salt,  but  received  but  little 
benefit  from  the  application  of  nitrogen  in  any  form. 

AS   TO   THE  FEEDING  CAPACITIES  OF   THE   CROP. 

11.  The  experiments  imply  thiit  corn,  somehow  or  other,  was  able  to 
i;;r.Iier  a  fair  supply  of  nitrogen  from  natural  sources  provided  it  had 
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enough  of  the  mineral  ingredients  at  its  disposal.  They  do  not  tell  how 
much  of  the  nitrogen  came  from  the  roots  of  preceding  crops,  how  much 
from  other  nitrogen  compounds  in  the  soil,  and  how  much  from  the  air. 
They  imply  that  the  potato  possesses  in  far  less  degree  than  corn  the 
power  of  gathering  sufficient  supply  of  either  nitrogen  or  the  other  in- 
gredients of  its  food  from  soil  and  air.  They  imply  that  turnips  are  gen- 
orally  unable  to  provide  themselves  with  phosphoric  acid  from  the  soil, 
and  are  greatly  helped  by  it  in  fertilizers;  that  without  an  abundance  of 
phosphoric  acid  they  get  but  little  good  from  other  materials;  that  with 
it  they  can  gather  a  partial  supply  of  the  other  materials  of  their  food, 
but  that  for  a  full  yield  considerable  quantities  of  all  the  soil  ingredi- 
ents of  plant-food  are  needed  close  at  hand  and  in  available  forms.  Ex- 
cept on  corn  and  potatoes,  however,  the  experiments  are  still  too  few 
for  reliable  inferences. 

OTHER  CONDITIONS  AFFECTING  THE  ACTION  OF  FERTILIZERS. 

12.  The  most  profitable  material  in  a  given  case  is  that  which  is  best 
fitted  to  its  needs.    The  chief  factors  of  the  problem  are : 

First,  soil. 

Second,  climate  and  season. 

Third,  feeding  capacitj'  of  crop. 

Fourth,  form  of  combination  of  the  ingredients  of  the  fertilizer. 

Filth,  the  Indirect  action  of  the  fertilizer,  i.  c,  its  eflfect  upon  the  tex- 
ture of  the  soil ;  upon  its  power  to  absorb  and  retain  plant  food ;  in 
setting  other  plant  food  free. 

Sixth,  the  composition  of  the  plant. 

Soils  vary  in  respect  to  the  plant  food  they  supply  in  available  forms. 
Phosphoric  acid  is  most  often  deficient ;  next  come  potash  and  nitro- 
gen ;  then  lime  and  sulphuric  acid,  and  rarely  magnesia. 

But  the  infertility  of  soils  is  due  to  other  causes  perhaps  nearly  as 
often  as  to  lack  of  plant  food.  Soils  often  do  not  have  the  proper  text- 
ure— they  are  too  compact  or  too  loose;  or  they  are  too  shallow;  or 
they  lack  absorptive  power — they  cannot  retain  the  plant  food  until 
plants  use  it,  but  suffer  it  to  be  leached  away  by  drainage  water ;  or 
the  moisture  supply  is  bad — they  are  too  wet  or  too  dry.  These  defects 
are  as  fatal  as  lack  of  plant  food.  Many  soils  need  amendments  first 
and  then  manure. 

Climate  and  season  counts  for  much,  often  for  everything,  in  the  action 
of  manures.  This  fact  is  certain.  Of  the  reasons  we  know,  as  yet,  but 
little. 

As  to  effects  of  the  forms  of  combination,  nitrogen  seems  to  do  better 
in  materials  that  contain  it  in  several  forms,  as  Peruvian  guano,  or  a 
mixture  of  nitrate  of  soda,  sulphate  of  ammonia,  and  dried  blood,  than 
in  either  of  the  latter  substances  singly.  The  eft'ects  of  phosphoric  acid 
and  potash  in  different  forms  were  tested  in  too  few  cases  to  warrant 
any  conclusions. 
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As  to  the  indirect  action  of  fertilizers  in  improving  the  texture  of  the 
8oil  and  setting  its  plant  foocl  free,  the  experiments  have  nothing  to 
say,  but  we  kuow  that  it  often  makes  a  large  part  of  the  usefulness  of 
tin*  fertilizer. 

THE  BEST  FERTILIZERS  FOR  DIFFERENT  CROPS. 

13.  It  is  perfectly  evident,  therefore,  that  there  is  no  beat  fertilizer  for 
any  crop,  and  that  formulas  to  fit  all  cases  are  out  of  the  question. 
There  are  many  cases,  however,  in  which  complete  fertilizers  are  in 
place.  There  are  also  many  in  which  the  farmer  does  not  know  what 
his  soil  and  crops  need,  and  can  better  afford  to  pay  for  some  unnecessary 
materials  in  a  complete  fertilizer  than  to  risk  the  loss  of  his  crop.  Bat 
for  this  demand  dealers  offer  a  supply.  Instead  of  proposing  formulas, 
I  urge  farmers  to  study  their  soils  and  circumstances  and  learn  what 
is  best  for  them  to  use. 

14.  The  common  impression  among  farmers  that  the  best  use  of  arti- 
ficial fertilizers  is  to  supplement  farm  manures  is  doubtless,  in  ordinary 
circumstances,  correct. 

15.  Leaving  variations  in  soil  and  season  out  of  account,  and  con- 
sidering the  feeding  capacity  of  the  crops,  as  shown  by  these  and  other 
experiments  and  by  general  experience,  it  is  safe  to  say  that — 

(1)  For  corn,  an  excellent  fertilizer  to  bring  large  crops  would  be  a 
mixture  of  some  material  containing  nitrogen  and  phosphoric  acid,  as 
Peruvian  guano,  or  fish  guano,  and  muriate  of  potash.  To  this  it  might 
be  profitable  to  add  some  fine-ground  bone  or  superphosphate.  In  the 
majority  of  cases,  though  not  always,  a  more  i)rofitable  mixture  would 
probably  be  one  of  muriate  of  potash,  with  either  superphosphate  or 
fine-ground  bone,  or  both.  At  the  same  time  there  are  ca«es  in  which 
nitrogen  helps  the  crop  enough  to  make  it  profitable,  and  in  which 
nitrate  of  soda,  sulphate  of  ammonia,  dried  blood,  guano,  or  fish,  would 
be  in  place. 

(2)  For  potatoesj  which  respond  more  generally  than  corn  to  both 
nitrogen  and  potash,  such  of  the  above  mixtures  as  contain  considerable 
nitrogen  would  generally  be  in  order. 

AS   TO   COMMERCIAL  FERTILIZERS  IN    GENERAL. 

16.  For  general  farming,  at  a  distance  from  the  large  markets,  the 
chief  use  of  commercial  fertilizers  should  be  to  supplement  the  manure 
of  the  farm.  The  right  way  is  to  make  the  most  and  best  manure  that 
is  practicable  upon  the  farm,  and  piece  out  with  such  commercial  fertil- 
izers  as  exi)eriments  and  experience  prove  profitable.  At  the  sanje  time 
there  are  many  cases,  especially  near  cities,  where  everything  dei)ends 
upon  getting  the  largest  and  best  yield,  and  where  more  exclusive  use 
of  chemical  fertilizers  is  advisable. 
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IN  CONCLUSION. 

Taken  all  together,  the  experiments  emphasize  more  and  more  strongly, 
year  after  year,  the  conclusions  expressed  in  previous  reports  that: 

17.  Soils  vary  widely  in  their  capacities  for  supplying  crops  with  food, 
i^nd  Consequently  in  their  demand  for  fertilizers. 

18.  Some  soils  will  give  good  returns  for  manuring;  others,  without 
previous  amendment,  by  draining,  irrigation,  tillage,  or  use  of  lime,  marl, 
&c.,  will  not. 

19.  Farmers  cannot  aiibrd  to  use  commercial  fertilizers  at  random, 
and  it  is  time  they  understood  the  reason  why. 

20.  The  right  materials  in  the  right  places  bring  large  profits.  Arti- 
ficial fertilizers,  rightly  used,  must  prove  among  the  most  potent  means 
for  the  restoration  of  our  agriculture. 

21.  The  only  way  to  find  what  a  soil  wants  is  to  study  it  by  careful 
observation  and  experiments. 

PLANS  FOB  CO-OPERATIVE  EXPERIMENTS, 

The  report  of  proceedings  of  a  convention  held  at  the  Department  of 
Agriculture  contains  a  paper  on  the  subject  of  Co-operative  Experi- 
ments as  a  Means  of  Studying  the  Effects  of  Fertilizers  and  the  Feeding 
Capacities  of  Plants. 

With  a  special  issue  of  this  address,  published  by  the  department, 
were  given  some  suggestions  for  experiments  which  it  seems  proper  to 
reproduce  here: 

In  organiziDg  a  system  of  co-operative  experimenting,  the  one  great  need  is  an  official 
and  inflaential  center,  wLence  suggestions  and  plans  for  work  may  emanate,  and  where 
reports  of  results  may  be  collated,  arranged,  and  pnblished,  and  with  whose  wise  aid 
all  fan  work  together.  By  the  espousal  of  the  enterprise  by  the  Agricultural  Depart- 
ment at  Washington,  under  its  present  very  efficient  management,  this  want  is  most 
happily  met.  And  nothing  could  be  more  auspicious  for  such  a  union  between  the 
department  and  the  best  experimenters  of  the  country  than  the  diRCUssions  and  action 
of  the  late  convention. 

PLANS  FOR  EXPERIMENTS. 

Id  accordance  with  a  request  from  the  Commissiouer  of  Agriculture,  I  have  under- 
taken, with  the  aid  of  several  well-known  workers  in  this  line,  to  prepare  some  plans 
for  exi)eriments ;  doing  so,  however,  with  the  feeling  that  what  is  wanted  is  not  de- 
tailed and  inelastic  schedules,  but  rather,  outlines  which  each  experimenter  can  fill 
in  as  seems  to  him  most  advisable.  Every  man  knows  his  own  circumstances,  and 
every  intelligent  worker  has  valuable  ideas  of  his  own,  which  others  have  not.  It 
seems  to  me  that  the  most  effective  system  will  be  one  which  will  enable  each  to  de- 
velop his  own  ideas,  while  we  all  work  together  and  contribute  our  results  to  the 
cofhnion  fand. 

KIND  OF  INVESTIGATIONS  THAT  ARE   NEEDED. 

To  get  the  most  complete  result-s  we  need : 
I.  Field  experiments,  to  include — 

a.  The  culture  of  plants  on  plots  of  land  treated  with  different  manures,  and  careful 
weighings  and  measurements  of  produce. 
h.  Where  practicable,  chemical  and  physical  studies  of  the  soil. 
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c.  In  many  cases,  chemical  analyses  of  the  plants. 

II.  Pot  experiments,  in  which  the  conditions  can  be  definitely  known  and  controlled, 
and  the  needed  studies  of  soil  and  plants  be  carried  ont  with  equal  or  greater  conv^i- 
ience  and  accuracy. 

Indeed,  it  is  safe  to  say  that  there  ought  to  be  in  the  various  sections  of  the  country 
chemical  and  physical  surveys  of  the  land  in  the  behalf  of  agriculture,  as  there  have 
been  topographical  and  geological  surveys  in  the^behalf  of  other  industries  and  in- 
terests.  And  in  fact  this  is  precisely  the  direction  in  which  we  are  tending  in  this 
experimental  work. 

The  subjects  proposed  at  the  Washington  convention  for  co-operative  experiments 
were: 

1.  The  supply  of  nitrogen  to  plants. 

2.  The  action  of  phosphoric  acid  in  different  forms  of  combination  and  in  different 
fertilizing  materials  upon  the  growth  of  plants. 

Practically,  so  far  as  field  experiments  are  concerned,  these  two  subjects  rednce 
themselves  to  the  study  of  the  action  of  nitrogenous  and  phosphatic  fertilizers 

The  first  thing,  then,  will  be  to  see  what  materials  are  to  be  employed. 

Since  similar  questions  regarding  potash  will  naturally  arise,  it  may  be  well  to  in- 
clude brief  suggestions  regarding  potassic  fertilizers.  Of  course  sulphuric  acid, 
lime,  and  magnesia  could  be  treated  in  like  manner  if  it  should  hereafter  become  de- 
sirable. 

QUANTITIES  OF    MATERIALS  TO  BE  USED. 

To  decide  what  quantities  of  materials  will  be  best  for  the  purpose  is  not  easy,  be- 
cause of  the  lack  of  the  very  data  for  which  the  experiments  are,  in  part,  to  be  made. 
Neither  the  proportions  which  occur  in  any  crops,  nor  those  in  fitrm  manures,  could 
well  serve  as  a  standard.  Probably  the  best  plan  will  be  to  endeavor  to  select,  as  ex- 
tremes, the  smallest  and  the  largest  quantities  that  general  experience  has  broaght 
into  ordinary  use,  and  arrange  intermediate  quantities  at  proper  intervals  between. 

Nitrogen. — A  dressing  of  450  pounds  of  nitrate  of  soda  per  acre  is  probably  as  large  as 
would  be  apt  to  be  used  in  this  country,  in  ordinary  practice,  on  ordinary  crops.  At 
the  same  time  it  is  no  more  than  has  been  found  profitable  in  previous  nitrogen  exi>eri- 
ments,  and  is  perhaps  as  small  as  would  be  advisable  for  the  maximum.  At  16  per 
cent,  it  would  contain  72  pounds  of  nitrogen. 

Three  hundred  pounds  of  an  ammoniated  superphosphate  with  3  per  cent.,  or  9  pounds, 
of  nitrogen,  is  not  an  unusual  dressing  per  acre.  As  little  as  200  pounds,  with  only  6 
pounds  of  nitrogen  per  acre,  is  a  common  quantity  for  cotton,  and,  indeed,  for  other 
crops,  when  applied  in  the  hill  or  drill  or  as  a  supplement  to  other  manures  Six 
pounds  of  nitrogen  is  a  very  small  quantity  for  an  acre  of  land.  Twelve  pounds,  which 
would  be  contained  iu  75  pounds  of  nitrate  of  soda,  would  seem  to  be  little  enough. 
Still  it  will  be  well  to  provide  for  as  small  an  amount  as  is  ordinarily  used. 

In  arranging  the  rations  it  would  seem  best  to  make  the  difference  between  the 

smaller  rations  less  than  that  between  the  larger  ones.    In  the  previous  nitrogen  ex~ 

periments,  three  rations,  "one- third,"  "two-thirds,"  and  "three-thirds,"  with  24,  48, 

and  72  pounds  of  nitrogen  per  acre,  respectively,  have  been  employed.    Prefacing 

these  by  a  "one-twelfth"  ration  of  6 pounds,  and  a  "one-sixth"  ration  of  12  pounds,  we 

shall  have  a  series  of  five — 

Nitrogen  rations, 

a.  One-twelfth  ration :  Nitrate  of  soda,  38  pounds,  with  6  pounds  of  nitrogen. 
h.  One-sixth  ration :  Nitrate  of  soda,  75  pounds,  with  12  pounds  nitrogen. 

c.  One-third  ration:  Nitrate  of  soda,  150  pounds,  with  24  pounds  nitrogen. 

d.  Two-thirds  ration:  Nitrate  of  soda,  300  pounds,  with  48  pounds  nitrogen. 

e.  Full  ration :  Nitrate  of  soda,  450  pounds,  with  72  pounds  nitrogen. 

Of  this  list,  either  all  or  part  may  be  used.  Thus  on  soils  or  for  crops  where  smaller 
quantities  are  in  place,  a,  5,  and  c  could  be  employed.     AVhere  more  nitrogen  is 
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granted,  c,  d,  and  e  would  be  better.  If,  as  is  not  impossible,  experience  should  show 
tbat  the  smaller  rations  are  too  sniall  to  be  useful,  it  will  be  a  very  simple  matter  to 
omit  them. 

J^hosphoric  acid. — One  hundred  pounds  of  a  superphopshate  with  16  per  cent.  P^Oo 
is  as  little  as  would  be  often  used  on  an  acre,  while  600  pounds  with  96  pounds  of  P3O5 
TToold  be  a  large  dressing.  In  view  of  the  fact  that  general  experience  has  led  to 
tike  employing  of  much  larger  quantities  of  phosphoric  acid  than  of  nitrogen,  the  pro- 
portions w^ithin  this  range  w^ould  be  none  too  large  to  go  with  those  of  nitrogen  sng- 
gest-ed.     Doubtless  a  series  of  four  rations  arranged  as  below  would  suffice. 

Phosphoric  acid  rations. 

a.  One-sixth  ration:  100  pounds  superphosphate  with  16  pounds  phosphoric  acid. 
h.  One-third  ration :  200  pounds  superphosphate  with  32  pounds  phosphoric  acid. 
c  Two-thirds  ration :  400  pounds  superphosphate,  with  64  pounds  phosphoric  acid. 
<f.  Full  ration :  600  pounds  superphosphate  with  96  pounds  phosphoric  acid. 

^ot4i8h, — Many  of  the  popular  fertilizing  mixtures  are  calculated  to  supply  very  small 

qiiAiitities  of  potash,  not  over  17  pounds  per  acre,  while  200  pounds  of  muriate  of  pot- 

asli  are  often  used  for  a  dressing.    Taking  these  as  extremes  and  dividing  as  before 

we  sball  have — 

Potash  rations. 


a.  One-sixth  ration :  33  pounds  muriate  of  potash  with  17  pounds  potash. 
ft.  One-third  ration :  67  pounds  muriate  of  potash  with  33  pounds  potash. 
c.  Two-thirds  ration :  133  pounds  muriate  of  potash  with  67  pounds  potash. 
<l.  Full  ration:  200  pounds  muriate  of  potash  with  100  pounds  potash. 
Putting  the  above  forms  together  we  have  rations  as  follows : 


One-twelfth  ration 
ODe-Bixtli  ration . . 
One-third  ration  . . 
Two- thirds  ration. 
Fall  ration 


5 

««« 
o 
« 

g 


Pfmnd». 

88 

75 

150 

300 

450 


i 

^ 

• 

as 

9 

0 

.0 

A 

« 

A 

W4 

0 

1 
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ash. 

1 

0 

f 

■ 
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Pounds. 

S 

t 

& 

Pound*. 

Pounds. 

Pounds. 

Pounds. 

, 

6 
12 

106 



33 

16 

17 

200 

67 

24 

82 

88 

400 

133 

48 

64 

67 

600 

200 

72 

96 

100 

DUPLICATION  OF  TESTS. 

A  very  great,  if  not  the  greatest,  obstacle  to  the  success  of  field  experiments  is  the 
uneveimess  of  soils.  The  variations  in  the  produce  of  different  plots  of  apparently 
uniform  land  under  the  same  treatment  are  often  very  surprising.  An  experiment  in 
irhich  <laplicates  agree  as  closely  as  could  be  desired  is  the  exception  rather  than  the 
role.  Cases  in  which  the  differences  between  plots  treated  alike  are  greater  than 
between  those  treated  differently,  are,  if  anything,  more  common. 

To  get  around  this  difficulty,  numerous  devices  are  employed.  One  is  to  test  the 
uniformity  of  the  plots  by  treating  all  alike  the  first  year,  and,  if  they  vary  materi- 
ally, to  either  attempt  to  average  duplicates  so  as  to  make  the  differences  counterbal 
ance,  or  to  allow  for  the  differences  in  computing  the  fiual  results.  One  serious  ob 
jection  to  either  of  these  plans  is  the  uncertainty  as  to  the  cause  of  the  variation  and 
to  lichether  it  will  be  constant  in  succeeding  years. 

Another  plan  consists  in  m«akiug  the  plots  long  and  narrow,  so  as  to  equalize  the 
differences.  This,  though  often  successful,  is  not  always  so.  The  ideal  method  would 
"be  to  test  the  experimental  areiis  by  uniform  treatment  for  a  series  of  years  until 
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temporary  causes  of  irregularity,  such  as  came  from  manuring,  tillage,  croppiug,  dc, 
were  eliminated,  and  to  use  for  experiment  only  such  as  prove  to  be  iniriDsicaDy 
uniform. 

Whore  feasible,  this  latter  plan  is  certainly  to  be  recommended.  But  if  we  are  to 
begin  an  experiment  at  once,  doubtless  the  best  way  is  to  use  small  plots  and  dupli- 
cate the  trials  by  using  the  same  materials  on  several.  This  duplicating  will  test  thf 
uniformity  and  reliability  of  the  whole  experiment,  and  give  averages  which,  whei 
no  untoward  circumstances  prevent,  are  pretty  sure  to  be  fairly  satisfactory  and  are 
often  perfectly  so. 

SIZE  OF  EXPERIMENTAL  PLOTS. 

Ordinarily,  plot-s  of  eight  square  rods,  one-twentieth  acre,  each,  seem  as  satisfactory 
as  any.  In  most  cases,  two  plots  of  one-twentieth  would  be  jireferable  to  one  of  one- 
tenth  acre.  At  least,  such  is  the  impression  left  on  my  mind  after  looking  over  the 
reports  of  several  hundred  experiments  sent  me  for  examination.  Before  this  experi- 
ence I  was  inclined  to  larger  areas,  but  I  have  been  surprised  at  the  uniformity  of 
small  plots,  when  they  are  long  and  narrow.  Some  of  the  most  satisfactory  field  ex- 
periments have  been  on  plots  of  only  four  square  rods.  It  is  very  common  to  lea^e 
a  number  of  plots  unmanurcd  to  test  the  uniformity  of  the  soil,  but  it  is  a  question 
whether  this  purpose  is  not  better  served  by  duplicating  manured  plots,  and  using 
not  more  than  two  or  three  unman ared  for  an  ordinary  experiment.  Thus,  for  the 
nitrogen  experiments,  the  most  satisfactory  plan  I  have  found  has  been  to  leave  one 
unmanured  plot  on  each  side  of  the  experimental  field,  and  to  frequently  duplicate 
the  '^  basal  mixture''  of  superphosphate  and  potash  salt. 

SPACES  BETWEEN  THE  EXPERIMENTAL  PLOTS. 

Another  frequent  cause  of  inaccuracy  in  Held  experiments  with  fertilizers  is  the  ex- 
tension of  the  roots  of  the  plants  of  one  plot  into  the  soil  of  Ihe  next  one,  so  that  the 
plants  feed  upon  their  neighbors'  fertilizers.  The  roots  of  corn,  for  instance,  extend 
laterally  several  feet,  and,  unless  something  is  done  to  prevent,  the  plants  may  get  so 
much  material  that  does  not  belong  to  them  as  to  vitiate  the  results  of  the  experi- 
ments. The  yield  on  an  unmanured  plot  between  two  manured  ones  is  often  much 
larger  than  on  another  unmanured  plot  whose  plants  have  not  the  fertilizers  close  at 
hand  to  draw  upon.  The  best  plan  to  obviate  this  is  to  leave  unmanured  strips  be- 
tween the  experimental  plot  so  wide  that  the  roots  will  not  reach  across  them.  The 
difficulty  can  be  helped,  of  course,  by  plowing  between  the  plots  deep  enoagh  to  cnt 
the  roots. 

NITROGEN  EXPERIMENTS. 

In  planning  these  experiments  we  need  to  consider  the  questions  to  be  stadied,  the 
forms  and  quantities  of  nitrogen  to  be  used,  and  the  most  fitting  arrangement  for  the 
experiments.    The  following  details  naturally  suggest  themselves: 

A. — Questions  especially  needing  Study. 

I.  The  action  of  nitrogen  in  different  forms  and  amount-s  upon  the  growth  of  plants 

under  varying  conditions  of  crop,  soil,  climate,  season,  &c. 

II.  The  feeding  capacities  of  different  plants  as  related  to  nitrogen,  t.  e.,  their  capaci- 

ties for  providing  themselves  with  nitrogen  from  natural  sources,  and  for 
utilizing  that  furnished  in  the  fertilizers,  in  so  far  as  these  capacities  are 
indicated  by  effects  of  the  nitrogenous  materials  upon  their  growth. 

B.— Forms  and  Amounts  of  Nitrogen  and  Nitrogenous  Fertilizers. 

I.  The  most  important  forms  of  nitrogen  are: 

1.  Nitric  acid. 

2.  Ammonia. 

3.  Organic  nitrogen. 
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II.  AnioDg  the  kiDds  of  fertilizers  contaiuiDg  nitrogen  in  these  forms,  the  following 

are  important : 

1.  Nitric  acid.  3.  Organic  nitrogen. 

a.  Nitrate  of  soda.  a.  Dried  blood. 

h.  Nitraie  of  potash.  h.  Meat  scrap. 

2.  Aiumonia.  c.  Fish  scrap  and  fish  guano. 

a.  Sulphate  of  ammonia.  d.  Leather  scraps. 

III.  Quantities,  as  above  named,  to  wit,  "one-twelfth,"  ** one-sixth,"  "one-third," 

**  two-thirds,"  and  "full  rations,"  or  6,  12, 24, 48,  and  72  pounds  per  acre. 

DETAILED  PLANS. 

In  the  account  of  nitrogen  experiments  above  are  schedules  of  the  kinds  and  quan- 
tities of  fertilizing  materials  there  employed.  Judging  from  the  results  of  past  expe- 
rietace,  however,  those  schedules  would  be  improved  by  slightly  altering  the  quanti- 
ties so  as  to  make  them  conform  with  the  rations  just  named,  and  by  enlarging  the 
list  of  nitrogenous  fertilizers  to  be  tested. 

Kinds  of  Nitrogenous  Fertilizers. 

The  following  will  doubtless  be  to  the  purpose: 

1.  For  nitric  acid,  nitrate  of  soda,  96  per  cent,  purity,  with  16  per  cent,  nitrogen. 

2.  For  ammonia,  sulphate  of  ammonia,  with  21  per  cent,  nitrogen. 

3.  For  organic  nitrogen. 

a.  Dried  blood  (steam  drie<l),  with  11  per  cent,  nitrogen. 

h.  Meat  scrap,  azotin,  with  11  per  cent,  nitrogen. 

c  Fish  gnano,  with  8  per  cent,  nitrogen. 

d.  Leather  scraps  (finely  pulverized),  with  7  per  cent,  nitrogen. 

4.  For  nitric  acid,  ammonia,  and  organic  nitrogen  together,  "nitrogen  mixture,"  con- 

sis  ting  of  nitrate  of  soda,  16  per  cent,  nitrogen ;  sulphate  of  ammonia,  21 
per  cent,  nitrogen,  and  dried  blood  11  per  cent,  nitrogen  in  equal  parts,  and 
containing  16  per  cent,  nitrogen. 

Quantities  of  Nitrogenous  Fertilizers. 

We  may  plan  for  each  nitrogenous  fertilizer  a  "group"  with  rations,  as  above  sug- 
gested.   Thus  we  maj*  have  nitrogen  groups  with  quantities  per  acre  as  follows: 

Nitrogen  rations. 


XrrSATB  OP  BODA 

Gbouf 


Bation. 


Nitrate  of 
soda.      I 


One*twelfth 
One-sixth.. 
One-third... 
Two-thirds. 
Full 


Pounds.    ' 
83  I 

75 

150  I 
300 
450  ! 


Ration. 


Sulphate  OF  AM 
MOHiA  Group..' 


One-twelfth 
One-sixth... 
One>third... 
Two-thirds . 
Pull 


Sulphate  of 
ammonia. 


Pounds. 

20 

57 

114 

228 

343 


Bribd    blood. 
Gbouf 1 


Bation. 


One-twelilh  . 
One-sixth.... 

One-thiid 

Two-thirds.. 
FuU 


Pounds. 
55 
110 
220 
440 
060 


Nitrogen    mix- 
ture Group... 


Bation. 


One-twelfth 
One-sixth... 
One-third... 
Two-thirds. 
Full 


Nitrogen 
mixture. 


Pounds. 

38 

75 

.    150 

300 

450 
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ARRANGEMENT  OF  THE  EXPERIMENTS. 

In  this  way  such  materials  as  may  be  most  desirable  can  be  selected  for  each  experi- 
ment, and  for  each  a  gronp  be  used  with  all  or  part  of  the  rations  suggested.  Future 
experience  must  show  what  quantities  will  be  best.  Probably,  for  ordinary  crops  in 
the  North,  the  three  largest  rations  will  be  well.  In  the  South,  for  crotton,  very  likely 
the  smaller  will  be  preferable.  At  any  rate,  this  flexibility  of  plan  allows  fair  lati- 
tude of  detail,  and  at  the  same  time  secures  the  uniformity  needed  for  the  tabnlation 
and  comparison  of  different  experiments. 

In  some  cases  it  will  be  desirable  to  use  the  nitrogenous  fertilizers  alone.  In  the 
majority  of  cases,  however,  the  full  effect  of  the  nitrogen  will  not  be  manifested  unless 
some  other  materials  are  added.  Generally  speaking,  the  experiment  will  be  most 
Satisfactory  with  ''complete  fertilizers,''  such  as  can  be  made  by  adding  the  nitroge- 
nous materials  to  a  mixture  of  superphosphate  and  potash  salt,  which  may  be  desig- 
nated as  '' mineral  fertilizers"  or  "mixed  minerals."  For  these,  the  two-thirds 
rations,  400  pounds  of  superphosphate  and  133  pounds  of  muriate  of  potash,  will  prob- 
ably be  adapted  to  a  larger  proportion  of  the  soils  and  crops  than  the  mixture  of  SOD 
pounds  of  superphosphate  and  150  pounds  of  muriate  of  potash,  used  in  the  forma 
nitrogen  experiments.  Taking  the  basal  mixture  named,  and  adding  the  several  ra- 
tions of  nitrate  of  soda,  we  shall  have  a  "Nitrate  of  Soda  Group"  of  five  mixtures, 
each  mixture  containing  the  "  mixed  minerals"  with  a  nitrate  of  soda  ration  as  below: 

Nitrate  of  Soda  Group : 

Mixed  minerals  with  nitrate  of  soda,  one-twelfth  ration. 
Mixed  minerals  with  nitrate  of  soda,  one-sixth  ration. 
Mixed  minerals  with  nitrate  of  doda,  one-third  ration. 
Mixed  minerals  with  nitrate  of  soda,  two- thirds  ration. 
Mixed  minerals  with  nitrate  of  soda,  full  ration. 
The  amount  per  acre  and  the  percentages  of  the  several  ingredients  in  the  nitrogen 
mixture  group,  for  instance,  would  be  as  follows : 


Nitrogen  mixtare  gronp. 


One-twelfth  ration 
One-sixth  ration. . . 
One-third  ration . . . 
Two-thirds  ration . 
Fall  ration 


Fertilizing  materialB. 
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perphosphate, 
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iriate  of  potash, 
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trogen  mixtare, 
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67 
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67 

12 
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400 

133 

150 

64 

67 

24 
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X5 

400 
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800 

64 

67 

48 

7.6 

&0 

5.8 

400 

133 

1 

450 

64 

67 

72 

6.5 

6.8 

7.3 

PRELIMINARY  GROUP. 


The  experimeut  will  be  much  more  satisfactory  if  we  know  the  effects  df  the  super- 
phosphate, potash,  salt,  and  nitrogenous  materials  separately,  and,  inferentially,  the 
capacity  of  the  soil  to  supply  the  phosphoric  acid  and  potash  as  weU  as  the  nitrogen. 
To  this  end  we  may>  use  the  materials  separately,  and  two  by  two,  as  has  been  done 
in  previous  experiments,  and  is  shown  in  the  schedule  beyond.  In  the  experiments 
described  above  the  nitrogen  of  the  preliminary  groups  has  been  supplied  in  either 
nitrate  of  soda  or  ^'  nitrogen  mixture."  Though  experience  has  shown  very  little 
difference,  probably  the  mixture  will  be  the  safer,  and  accordingly  it  is  here  recom- 
mended. 


Nitroffen  in  one- twelfth,  one- 
sixth,  one-third,  two-thirds, 
and  fall  rations. 
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As  nrged  above,  the  many  soarccs  of  error  in  field  experiments  make  dnplicates  very 
important.  This  may  be  effected  by  repeating  the  nitrogen  grodps,  in  which  oppor- 
tunity is  taken  to  test  the  different  forms  of  nitrogen,  and  by  patting  the  mixed  min- 
erals on  each  side  of  each  nitrogen  group,  thus  testing  the  uniformity  of  the  soil,  re- 
placing the  unmanured  plots,  and  showing  more  accurately  the  effects  of  the  nitrogen. 

To  recapitulate  briefly,  our  experimental  fertilizers,  as  thus  planned,  will  be  ar- 
ranged in  groups,  thus  : 

{     ana  two  oy  *wo.  ^     p^y  them. 

f Nitrate  of  soda  Gronp.    Nitrogen  as  nitric' 
acid  in  nitrate  of  soda. 
Sulphate  of  ammonia  Oroap.     Nitrogen  as 
r<A».«iA4^^  r^^iMm^^    J     ammonia  in  sulphate  of  ammonia. 
Completefertihrers..<jjrted   blood  GrJup.    Nitrogen  as  organic 

nitrogen  in  dried  olood. 
Nitrogen  mixture  Groap.    Nitrogen  in  the 
three  forms  named  above. 

Other  groups  containing  meat  scrap,  fish  guano,  Peruvian  guano,  leather  scrap,  dtc^ 
can  be  employed  at  the  discretion  of  the  experimenter.  When  desired,  as  may  be 
the  case  with  cotton,  for  instance,  half  the  quantities  may  be  used,  or  the  same  quan- 
tities distributed  over  double  the  area.  The  preliminary  groups  can  be  omitted  if 
necessary,  the  nitrogen  groups  used  without  the  basal  mixture,  and  a  smaller  list  of 
rations  used  in  each  group,  as  may  be  desirable  in  each  case.  Two  nitrogen  sets, 
which  can  be  obtained  ready  for  use,  are  described  beyond. 

PHOSPHORIC  ACID  EXPERIMENTS. 

In  devising  plans  for  these  experiments  we  have  to  consider  what  questions  are  to 
be  studied  and  what  compounds  of  phosphoric  acid  are  to  be  employed. 

A.— Questions  to  be  studied. 

The  following  may  be  regarded,  at  the  outset  at  least,  as  among  the  more  impor- 
tant: 

I.  The  action  of  phosphoric  acid  in  different  forms  and  amounts  upon  the  growth  of 
plants  under  different  conditions  of  crop,  soil,  climate,  season,  Slc,  e.  g., 

1.  Soluble  vs,  precipitated. 

2.  Soluble  r«.  insoluble. 

3.  Effects  of  fineness  of  pulverization  upon  the  availability  of  insoluble  phos- 

phoric acid  in  bone,  rock  phoRphate,  &,c, 

4.  Bone  vs.  mineral  phosphate. 

5.  Raw  bone  vs.  boiled  bone ;  t.  e.,  bone  from  which  gelatine  has  been  extracted. 

II.  The  feeding  capacities  of  different  plants  as  related  to  phosphoric  acid,  i.  e.,  their 
capabilities  of  availing  themselves  of  the  supplies  of  phosphoric  acid  at  their  dis- 
posal in  the  soil,  and  in  fertilizers,  in  so  far  as  their  capabilities  are  indicated  by 
the  observed  effects  of  the  phosphoric  acid  compounds. 

B. — Forms  and  amounts  of  phosphoric  acid  and  phosphatic  compounds. 

The  following  list  seems  complete  enough  for  the  present  purpose : 

I.  Forms  of  phosphoric  acid : 

1.  Soluble. 

2.  Precipitated. 

3.  Insoluble. 

II.  Kinds  of  phosphatic  compounds : 

1.  Bone. 

a.  Raw. 

b.  Steamed. 

c.  Bone  black. 

d.  Bone  ash. 

2.  Phosphatic  guanos. 

a.  Cura^oa,  &c. 


92 


FIELD    EXPERIMENTS    WITH   VARIOUS   FERTILIZERS. 


3.  Mineral  or  rock  phosphate, 
a.  South  Carolina. 
h,  NavaHsa. 
c.  Apatite,  &c. 

III.  Grades  of  fineness :  The  grades  of  fineness  will  naturally  depend  upon  what  the 
market  affords.    We  might  use,  for  instance : 

1.  Coarse. 

2.  Medium. 

3.  Fine. 

IV.  Quantities  of  phosphoric  acid : 

Each  of  the  several  forms  may  be  used  in  different  ''rations/'  the  several  rations 
making  a  group,  as  in  the  nitrogen  experiments. 

DETAILED  PLANS. 

For  the  specific  materials  to  furnish  the  phosphoric  acid  in  the  soluble  and  precip- 
itated forms,  the  following  are  perhaps  as  well  fitted  for  the  purpose  as  any.     Of 
course  others  will  suggest  themselves. 
1.  Soluble  phosphoric  acid : 

a.  Dissolved  bone  black  with  16  per  cent.  PaOs. 
h»  High-grade  superphosphate  with  32  per  cent.  PsOs. 
Of  the  above,  perhaps  (a)  will  serve  best  to  begin  with. 
"2.  Precipitated  phosphoric  acid.    This  may  consist  of— 

a.  High-grade  superphosphate  with  equal  weights  of  chalk,  making  a  preciptated 
phosphate  with  16  per  cent.  PaOs. 
3.  Insoluble  phosphoric  acid.    For  this,  bone,  phosphatic  guanos,  and  mineral   or 
rock  phosphates  will  be  in  order.    Bone  and  South  Carolina  phosphate  are  jfter- 
haps  the  most  important  at  present : 

a.  Fine  bone  dust  (mesh,  40.)  from  steamed  or  raw  bone  with  25  per  cent.  PgO^. 

b.  South  Carolina  phosphate  with  25  per  cent.  P9O5. 


QUANTITIES  OF  PHOSPHORIC  ACID. 

As  already  suggested,  we  may  arrange  for  each  of  the  phosphatic  comxM)and8  a  growp 
of  four  rations.    Below  are  examples  with  quantities  per  acre : 


jSupkbphosphate  1 
Gboup.  ] 


Ration. 


a.  Ono-sixth  ., 

b.  ODe>third... 
e.  Two-thirds. 
d.  Fall 


9 

p 
o 
^   . 


Poundt. 
100 
200 
400 
600 


fubcipitatbd 
Phosphate^ 
Group. 


Bation. 


a.  OnO'Blxth  .. 

b.  One-third.. 
e.  Two-thirds. 
d.  PnU , 


*-& 


100 

200 
400 


Ration. 


South  Carolina  j 

SUPKRPH0e-< 

PHATB  Group.    I 


d.  One-sixth  .. 

b.  One- third... 

c.  Two-thurds. 
a.  Full 


OJi 

p  p. 

"  p 
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Poundt. 
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533 
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Ration. 

'5 

» 

1 

JPaund*. 

f 

a.  One-sixth  .... 

67 

^TEAMED  Bone  j 

b.  One-third 

133 

Group.             j 

c.  Two-thirds... 

267 

d.  Full 

400 
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ThoeSeotsof  fineuess  of  pnlverization  may  be  tested  by  such  groiipxaB  (lieiw: 


1 
GradBof  BDeDesB. 

Gronna 

UmkorencntH. 

PbMpbMe. 

";!     Fins 

400 

1     C'.  Phobi'imte  I 

GBOUt.                   ) 

Fine 

Meaiuni 

/■oi.nd*. 

Obolt. 

The  details  of  quantities  per  acre  anil  perceutages  of  tbe  Siiperpho8[>hate  Groiqi, 
Sir  inetwiw,  will  be: 


FntUtdBKinDtnriiU. 

IJwradtetta. 

ii'ii  li 

i 

1 

fri 

1 

2 

li 

11 

■sS. 
|1 

tt 

-'a 
is. 

r 

1 

|l 

;» 

100 

24 

b; 

16           8  3 

M 

"' 

96  j       S.7 

■'■* 

That  is  tosaj,  the  Superplioapbate  Group  noald  tbua  consist  of  four  mixtures. 
Each  of  these  mixtures  will  coucaiii  a  ''  basal  mixture"  with  nitrogeu  and  potash 
twh  in  i  ration.  To  this  basal  misture  the  superphosphate  is  added  io  suctessive 
MnoimtB,  from  "  one-sixth  ration"  to  "lull  ration,"  or  from  16  to  96  pounds  per  acre. 


E   OF   L 


E  OROUP. 


Since  more  or  lesa  of  the  eOect  uf  the  aiiperpbospbate  may  be  duo  to  it«  sulphate  of 
lime,  a  check  trial  with  plaster  as  provided  in  the  schedule  on  page  31  may  bo  advis- 
ible. 

The  explanation  of  tbe'uitrogen  axperiiuent  will  apply,  ntutofis  mufandii,  to  tbe 
pbosphnric  acid  experiment.  The  idea  is  to  bo  arrange  the  materials  that  each  expert- ' 
Bcnter  may  select  groups  or  parts  of  groups  at  his  discretion  and  tbiis  make  up  gucb 
MRiperiment  as  will  be  most  to  tho  purpose  in  the  conditions  under  which  ho  works. 

The  fnllowing  list  of  materials  and  groups  inclndes  perhaps  the  most  important, 
Ud  aaggests  a  schedule  of  experimental  fertilizers : 


hrtiil  Fwllliel 


CompltN  Fenili»er»- 


PieUmioarv  Gnnii 


Group,  eMch  by  li 


ply  tl 


Solnble  pbaephoHc  iclil  Group, 
Precipitated  pbonpboric  icld  Gnmp. 
'---lublephunpboric  anld  Gronp.    Slmm«d  boD< 

nble  phosphoric  acid  Group.    Haw  bono.  i       ;;:i  ii,:  j     ™,i„n 

InimliiblephiKiphDrioBildGniiip.    S.  C.  phoupbaW .  j      r2.„  ,V.:V^,  „!!„„ 

Sol..  I'lwip.,  and  Insol.  Phos.acid  Gronp.    S.  0.  nuper-         an.ifu  I  mli^n 


Phospboric  sci'l 


J 
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SCHEDULES  FOR  EXPERIMENTS. 

While  experimenters  will  arraugc  their  experiments  at  discretion,  it  lia^  seemed  to 
me  desirable  to  suggest  schedules,  and,  if  practicable,  to  make  arrangements  to  assist 
them  in  procuring  the  materials  with  the  least  trouble  and  expense.  I  have,  there- 
fore, drawn  up  schedules  for  three  sets  of  experimental  fertilizers,  as  follows: 

The  first,  ^^liitrogen  Set  No.  1,"  is  nearly  the  same  as  used  by  a  number  of  gentlemen 
last  season.  Nitrogen  is  supplied  as  nitric  acid,  ammonia,  and  organic*  nitrogen,  in 
three  groups  with  three  rations,  i,  3,  and  full  ration,  in  each.  The  set  requires  1h 
plot€  for  the  fertilizers,  which,  with  two  unmanured,  would  make  20  plots,  or,  with 
one-twentieth  acre  plots,  one  acre  of  land,  for  the  experiment.  With  spaces  between 
the  plots  a  larger  area  will  be  needed. 

NITROGEN  SET  NO.  1. 


Amounts. 


ii 


Materials. 


I         ii 


«;:.a 


.5  ^ 


z  S  ae 

Of  i^   ^ 


Preliiuinnry  Group  . .  ^ 


1. 
2. 
3. 

4. 
5. 
6. 


Nitrate  of  soda,  one-third  ration. 

SaperphoKphMte 

Muriate  of  potash 

C  Nitrate  of  8o<la,  one-third  ration. 

)  Superphosphate 

^  Nitrate  of  aoda,  one- third  ration . 
\  Muriate  of  potash . 


{ l£riSe^°o?J:Sih  I  "'-I  "'■■'«™'-  { 


Founds. 
7.5 

20.0 
6.7 
7.5 

20.0 
7.5 
6.7 

20.0 
8.7 


f  Mixed  minerals,  a<i  No.  6    

{  Nitrate  of  soda,  one-third  ration. 


Xitrate  of  soda  Group  < 


Q   <  Mixed  inlnersls,  as  No.  6 

I  Nitrate  of  soda,  two^hii-ds  ration, 


9 


■\^ 


Mixed  minerals,  as  No.  6. 
Urate  of  soda,  full  ration 


6a.  Mixed  miuurals,  aa  No.  6. 


Sulphate  of  ammonia 
Grroup. 


.Q   (  Mixed  minerals,  as  No.  6 

i  Sulphate  of  ammonia,  one-thinl  ration  . . 
..    (  Mixed  minerals,  aa  No.  6 

}  Sulphate  of  ammonia,  two-thirds  ration . 


.«   f  Mixed  minerals,  as  No.  6 . . 
'  /^'  I  Sulphate  of  ammonia,  full 

66.   Mixed  minerals,  as  No.  6 . 


ration 


13. 
Dried  blood  Group  . .  ^  14. 

15. 


C  Mixed  mincraln,  as  No.  6 

I  Dried  blood,  one-tbird  i-ation  .. 

(  Mixed  minerals,  as  No.  6 

(  Dried  blood,  two-thirds  ration. 

C  Mixed  minerals,  as  No.  6 

I  Dried  blood,  full  ration 


6c.   Mixed  minerals,  as  No.  6. 


26.7 

7.5 

26.7  i 

15.0 

26.7 

22.5  1 

26.7 

4A    <T 

4 

5.6 
26.7 
11.3 
26.7 
16.8 

20.7 


26.7  1 

11.0 

26.7 

22.0 

26.7 

33.0 

1 

26.7 

>  00. 
H 


Pov*rf#- 
]S.O 
4«tO 
13L3 
1x0 
41»  0 
15.0 
1X3 
40.1 
13.3 

53.3 

IIkO 
53.3 

sao 

53.3 
45.0 

53.3 

53.3 
U.3 
53.3 
22.5 
SSLS 
33L7 

53.3 

53.3 
22.9 
5&.3 
44.0 
53.3 
66.0 

53.3 


The  following,  ^* Nitrogen  Set  No,  2j"  is  simpler,  containing  only  the  preliminary 
group,  and  a  nitrogen  mixture  group  with  five  rations,  and  one  extra  **  mixed  miner- 
als."  It  has  the  advantage  of  greater  simplicity,  and  of  testing  the  effects  of  smaller 
quantities  of  nitrogen,  but  has  the  disadvantage  of  not  duplicating  the  nitrogen  tests. 
It  can  be  greatly  improved  by  duplicating  the  "  nitrogen  mixture"  g^oup,  which,  with 
an  extra  "mixed  minerals/*  will  make  18  fertilizers.  With  one-twentieth  acre  plots 
this  would  require  an  acre,  and  make  an  excellent  experiment. 
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NITROGEN  SET  NO.  2. 


Kitro<*<'n    mixture 
Group. 


Pre1iminar3'  Group  . .  s 


MatcriuU. 


1.  Nitrogen  mixture,  one-third  ration  .. 

2.  SnperphoMihate 

3.  Muriate  of  potash 

.   ^  Nitrogen  mixture,  one-third  ration  .. 

)  Snperphosphato 

-   \  Nilrojri'n  mixture  one-third  ration  ... 

I  Muriate  of  potash 

g  ^  Superphosphate 

I  Muriate  ol  potash  ...' 

.   (Mixed  minerals 

I  Nitroi^en  mixture,  one-twelfth  ration 
g   (  Mixed  minerals 

*  )  Nitrogen  mixture, one-sixth  ration... 
g  (  Mixed  minerals    

*  I  Nitrof^en  mixture,  one-third  ration  .. 
.Q  C  Mixed  minerals 

I  Nitrocen  mixture,  two-thirds  ration  . 

II    C  Mixed  minerals 

I  Nitrojcen  mixture,  full  ration 

6a.  Mixed  minerals 


Amounts. 

one- 

ieth 
lots. 

I"*^  A 

1.1  ^  . 

Set—fo 
twen 
acre 

.  Set—fo 

tentb 

,     plots 

Pound*. 

Pwinds. 

7.5 

15.0 

20.0 

40.0 

6.7 

13.3 

7.5 

15.0 

20.0 

40.0 

7.5 

15.0 

6.7 

13.3 

20.0 

40.0 

A7 

13.3 

28.7 

53.3 

1.9 

3.8 

28.7 

53.3 

3.7 

7.5 

2&7 

53.3 

7.5 

15.0 

28.7 

53.3 

15.0 

30.0 

26.7 

53.3 

22.5 

45.0 

26.7 

53.3 

The  following  specifications  are  intended  for  use  in  ordering  the  fertilizers: 
Specifieations  for  nitrogen  sett. — Materials  to  be  weighed  and  mixed  with  greatest 
poseible  care  and  accuracy,  put  in  bags,  and  each  bag  furnished  with  a  label  stating 
number  and  contents  per  schedule.  Minimum  percentages  as  follows:  Nitrate  of 
soda,  16  per  cent,  nitrogen  ;  sulphate  of  ammonia,  21  per  cent,  nitrogen;  dried  blood, 
11  per  cent,  nitrogen;  superphosphate  (dissolved  bone  black)  15  per  cent,  soluble  and 
16  per  cent,  total  phosphoric  acid ;  muriate  of  potash,  50  per  cent,  potash. 

PHOSPHORIC  ACID  SET. 


This  tests  the  action  of  soluble  phosphoric  acid,  in  dissolved  bone  black,  precipi- 
tated phosphoric  acid  in  a  mixture  of  high  gi*ade  superphosphate  from  bone  and 
chalk,  and  insoluble  phosphoric  acid  in  bone  from  which  the  larger  part  of  the 
organic  matter  has  been  removed.  A  sulphate  of  lime  group  is  added  as  a  test  of  the 
effect  of  the  sulphuric  acid  and  lime  of  the  superphosphates.  This  includes  25  fer- 
tilizerSi  which  with  two  unmanured  plots  would  require  27  plots,  or,  if  each  plot  is 
one-twentieth  acre,  a  little  over  1^  acres,  and  more  if  unmanured  strips  are  left  be- 
tween the  rows.  The  set  can  be  reduced  to  21  by  omitting  the  sulphate  of  lime  group, 
and  to  18  by  nstng  only  three  rations  in  each  phosphoric  acid  group. 
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PHOSPHORIC  ACID  SET. 


Amounts. 


PrelimiDary  Group 


Soluble     phosphoric- 
acid  Group. 


Precipitated    phos- 
])horic-aGid  Group. 


Steamed  bone  Group. 


Sulphate 
Group. 


of     lime 


Materials. 


A. 
B. 
C. 

D.{ 
E.  i 


Xitropen  mixture 

Superphosphate 

Muriate  of  potash 

Nitrogen  mixture 

Superpho-sphate 

Muriate  of  potash 

Superphospnate 


C  Basal  mixture 

)  Dissolveil  bone  black 

•u    \  Basal  mixture 

I  Dissolved  bone  black 

C  Basal  mixture 

I  Dissolved  bone  black 

I  Basal  mixture       

\  Dissolved  bone  black 


A. 


C. 
D. 


Fa.   Basal  mixture 


*"   .     C  Basal  mixture 

^  Precipitated  phosphate, 
•n    C  Basal  mixture 

I  Precipitated  phosphate. 
^1    C  Basal  mixture 

{  Precipitated  phosphate. 
jy    <  Basal  mixture 

I  Precipitated  phosphate. 


Fb.   Basal  mixture 


.     5  Basal  mixture 

'^^  I  Bone  dust 

Basal  mixture 
Bone  dust 


B 


1 


p  C  Basal  mixture 
^-  {  Bone  dust  . . . . 
1^  \  B&sal  mixture 
^'  I  Bone  dust  . . . . 


Fc.    Basal  mixture 
A. 


^  Basal  mixture 

X  Plaster 

n    C  Basal  mixture 

"•  {piaster    

f,    S  Basal  mixture 
*"■  i  Plaster 


9    &    « 

I. 

X 

^oundg. 

Pt,Mndt. 

7.5 

•« 

IX* 

20.0 

4a  6 

6.7 

13.3 

7.5 

IIL* 

20.0 

»• 

9,7 

1 

13.3 

20.0 

4€Ld 

7.5 

15.  S 

a7 

ia3 

U.2 

%3 

5.0 

10.0 

14.2 

2Ji3 

10.0 

20.3 

14.2 

2&3 

20.0 

44iL« 

14.2 

28.3 

30.0 

GOi« 

14.2 

2a3 

14.2 

2t.3 

5.0 

10.9 

14.2 

2b- 3 

10.0 

2&0 

14.2 

2».3 

20.0 

40.0 

14.2 

3&S 

30.0 

eoio 

14.2 

28.3 

14.2 

S8.3 

6.0  ' 

10.0 

14.2 

2&3 

10.0 

».o 

14.2 

2S.3 

20.0 

4ao 

14.2 

2§L3 

30.0 

68L0 

14.2 

28.3 

14.2 

3^3 

3.8 

7.5 

14.2 

2&3 

7.5 

15.0 

14.2 

-8.3 

11.3 

22.5 

Fd.    Basal  mixture 


14.2 


2SL3 
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Besides  tbe  above  set,  groups  like  the  following  may  be  employed: 

. -  - 

Amoants. 


Materials. 


«5 
•  «  p 


Soaih  Carolina  soper- 
phoaphatd  Groap. 


A. 
B. 
C. 
D. 


(  Basal  mixtnre 

I  South  Carolina  saperphosphate. 

(  Basal  mixtare 

I  SoQth  Carol isa  saperphosphate. 

(  Basal  mlxtare 

I  Soath  Carolina  saperphosphate 

C  Basal  mixture 

I  South  Carolina  superphosphate. 


t<  ^"E 

lis 

Poundt. 

14.2 

6.7 

14.2 

13.3 

14.2 

2e.7 

14.2 

40.0 

5  5  P, 


Poundt. 
28.3 
18.3 
28.3 
>  2a7 
2a3 
53.4 
2a3 
80.0 


Sooth  Carolina  phos- 
phate Group. 


(a. 

B. 
C. 
I). 


11 


Basal  mixtare 

South  Carolina  phosphate 

C  Basal  mixture 

I  South  Carolina  phosphate 

C  Basal  mixture 

}  South  Carolina  phosphate 

C  Basal  mixture 

I  South  Carolina  phosphate 


i\ 
} 


Steamed  bone  group .  < 


Fine,    medium,    and 
coarse  bone  Group. 


Vioe,  medium,  and 
coarse  Soath  Caroli- 
na phosphate  Group. 


A. 
B. 
C. 
D. 

A. 
B. 
C. 

A. 

<  B. 

C. 


(  Basal  mixture 
I  Steamed  bone. 
(  Basal  mixture 
)  Steamed  bone. 
C  Basal  mixture 
(  Steamed  bone. 
(  Basal  mixture 
I  Steamed  )>one. 


Basal  mixtare 

Ground  bone  (fine) 

Basal  mixtare 

Ground  bone  (medinm) 

(  Basal  mixtare 

\  Ground  bone  (coarse) . . 


(  Basal  mixture 

{  South  Carolina  phosphate  (fine) 

<  Basal  mixtare 

(  Soath  Carolina  phosphate  (mediam) 

C  Basal  mixture 

I  South  Carolina  phosphate  (coarse). . 


14.2 

28.3 

14.2 

28.3 

14.2 

28.3 

14.2 

28.3 

14.2 

28.8 

5.0 

10.0 

14.2 

28.3 

10.0 

20.0 

14.2 

2&2 

20.0 

40.0 

14.2 

28.3 

30.0 

60.0 

14.2 
20.0 
14.2 
20.0 
14.2 
20.0 

14.2 
20.0 
14.2 
20.0 
14.2 
20.0 


28.8 
40.0 
28.8 
40.0 
28.3 
40.0 

28.3 
40.0 
28.3 
40.0 
28.8 
40.0 


SpecifieaHonB  for  fertilizers  ofphoapkoric  acid  set :  Materials  to  be  put  up  with  greatest 
e&re  in  bags,  with  labels  stating  contents.  Minimum  percentages  as  follows :  Nitrogen 
mixture  and  muriate  of  potash  as  in  nitrogen  experiment.  Superphosphate  (dissolved 
bone  black)  with  15  per  cent,  soluble,  and  16  per  cent  total  PaOs.  Precipitated  phos- 
phate to  consist  of  high  grade  superphosphates  'SQ  per  cent,  and  chalk  in  equal  parts, 
ftnd  to  contain  16  per  cent.  P3O5.    Other  materials  to  be  of  good  average  quality. 

CROPS  TO  BE  EXPERIMENTED  UPON. 

The  kind  of  crop  will,  of  course,  be  selected  by  the  experimenter.  Experiments  are 
needed  upon  all  our  ordinary  crops,  but  especially  on  wheat,  barley,  rye,  oats, 
corn,  Borghum,  grass,  clover,  onions,  potatoes,  roots,  and,  in  the  South,  sugar  cane  and 
€otton. 

The  following  is  a  copy  of  directions  for  experiments  suggested  to 
accompany  tbe  above  plans : 

Co-operative  Experiments  with  Fertilizers. 
Directions  for  Special  Nitrogen  and  Phosplwric  Acid  Expei'iments. 

GENERAL  SUGCJESTIONS. 

I.  It  is  important  to  have  plans  complete  and  clearly  in  mind,  and  everything  ready 
Wore  starting.    Proper  plans  at  the  outset ;  uniform  soil,  which  should  also  be  "  wom- 
7709- 7 
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out"  if  its  permanent  capacity  for  production  and  the  true  effects  of  the  fertilizenm 
to  be  tested;  plots  of  proper  size,  shape,  and  accurately  laid  out ;  right  applicaitioa «f 
the  fertilizers;  good  seed;  careful  measurement  of  crops;  fall  notes  of  details;  sb4 
careful  observation  of  the  effects  of  thb  fertilizers  on  succeeding  crops,  are  cs^eDtial 
to  the  best  results. 

CHOICE  OF   KXPBRIMRNTAL  FIELD. 


2.  Uniformity  of  soil  is  of  the  utmost  importance.  Theps  will  be  more  or  less  v 
ation  in  different  parts  of  the  same  field  at  best.  The  unevenuess  is  sometimes  so  giest  \ 
as  to  spoil  the  experiment.  The  less  the  variation  the  more  reliable  will  be  there.: 
suits.  Level  land  should  be  chosen  if  practicable,  but  if  it  be  sloping  let  the  plois' 
run  up  and  down  the  ascent,  so  that  wash  by  rains  will  not  transfer  the  materials  fion' 
one  plot  to  another.  » 

**  worn-out"  soils  for  the  tests. 

3.  The  object  is  to  learn  what  can  be  done  by  the  soil  with  its  *' natural  8tn>ngth.'i 
A  store  of  plant  food,  either  accumulated  by  natural  processes  or  left  over  from  previ«; 
ona  manuring,  would  obscure  the  action  of  the  fertilizers,  and  render  the  experimestft: 
indecisive. 

DIMENSIONS  OF  PLOTS. 

4.  It  is  well  to  make  the  plots  long  and  narrow,  so  as  to  compensate  as  far  as  possible' 
for  the  unevenness  of  the  soil.  If  the  soil  is  even,  small,  short  plots  will  do,  but  gen- 
erally it  will  not  be  even,  and  long  strips  are,  therefore,  safer.  To  this  end  let  thfli 
whole  area  be  as  long  and  narrow  as  convenient,  and  the  plot«  run  lengthwise  throngk 
it.  If  the  seed  is  to  be  planted  in  rows  the  length  can  be  adapted  to  the  di^itance  of 
the  rows  apart.  If  this  space  is  less  than  two  and  one-half  feet,  it  will  be  best  t* 
leave  an  unman nred  row  between  each  two  strips.  lu  general,  an  unmauare<l  strim 
three  feet  wide,  or  wider,  should  be  left'  between  each  twu  plots,  so  as  to  prevent  the 
crop  of  one  from  being  affected  by  the  manure  of  another.  If  this  is  too  inconvenient-,  the 
next  best  plan  will  probably  be  to  cultivate  between  the  rows  deep  euough  to  cut  the 
roots  and  prevent  them  frotu  feeding  on  their  neighbor's  fertilizers. 

Strong  stakes  should  be  driven  firmly  into  the  ground  at  the  boundaries  of  the  plots 
and  not  allowed  to  be  knocked  over  or  plowed  up. 

The  following  figures  will  be  of  service  in  calculating  the  dimensions  of  the  experi- 
mental plots  and  field. 

To  calculate  the  size  of  plot  of  1-20  acre,  find  in  the  left-hand  column  "  Wi<lth,''  the 
figure  for  the  width  decided  upon,  the  opposite  figure  in  the  right-hand  column  will 
represent  the  length.  Or,  given  the  length  in  the  right-hand  column,  the  opposite 
figure  in  the  left-hand  column  will  be  the  width.  For  1-10-acre  plots,  take  of  conrw 
double  the  giveu  length  fur  same  width,  or  double  the  given  width  for  same  length. 

ONE  TWENTIETH  ACRE  PLOTS,  WIDTH  AND  LEJTGTH. 


Assnmed  width. 


Rods: 
One-third . . . 
Two-fifths.. 

One-half 

Three-fifths 

Feet: 

6  

64 

7  

74 

8 

84 

9 

»4 

lU  

104 

11  


Required  length. 


Feet.  Rods.  Ft. 

396  =  24  00 

330  z^  20  GO 

264  =  16  00 

220  =  13  5i 

363  =  22  00 

335  =20  5 

312  =  18  14 

291  =  17  10 

273  —  16  8 

257  =  15  9 

242  =  14  10 

230  —  15  15 

218  r-^  13  4 

2U8  =12  9 

198  =  12  00 


Assumed  width. 


Require<l  lesjnk. 


Rods:  FeeU  Rods^FL 

Two-thirds |  198  =  12  M 

Three-fourths 176=10  U 

Four-fifths  165  =  10  i« 

One 132  =    8  M 

Feet: 

114 1W>  =r  11  I 

12 182=11  M 

124 174  =  10  I 

13  168  =  1«  a 

13i 161=    9  a 

14  1S5  =    9  1 

144 150  =    9  a 

15 145=   i>  xa 

154 141  =    8  « 

16 136  =     8  I 

164 132  =     8  « 
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For  au  aiva  of  one  acre,  160  Mpiare  ro<l8,  10  x  16  rods  will  be  good  dimensions.  This 
will  make  twenty  plots — each  i  rod  x  16  rods  =  8  sq.  rods,  =  1-20  acre.  Unmanured 
^rips  between  the  plots  will,  of  course,  increase  the  size  of  the  experimental  field. 

FERTILIZERS  WELL  DIFFUSED  THROUGH  SOIL. 

5.  In  general,  it  is  well  to  apply  the  fertilizers  broadcast.  They  may,  however,  be 
pDt  in  the  hill  or  drill,  provided  th^y  are  well  diffused  through  the  soil  To  accomplish 
this,  it  is  well  to  mix  them  with  several  times  their  bulk  of  earth,  saw-dust,  or  other 
diluent,  before  using.    The  important  points  are,  that  they  be : 

Ist.  Applied  evenly  over  the  plots  where  they  belong  and  not  allowed  to  get  outside. 
2nd.  Well  distributed  through  the  soil.    When  the  seed  is  in  hills  or  drills  an  excel- 
lent plan  is  to  spread  the  fertilizers  over  a  space,  say  two  feet  wide,  along  the  row. 

UNMANURED  PLOTS  AND  DUPLICATE  MANURED  PLOTS  FOR  COMPARISON. 

6.  Unmanured  plots  livill,  of  course,  be  left  for  tests  of  capacity  of  the  soil.    Both 
these  and  the  duplicate  '* mixed  minerals''  of  tbe  nitrogen  experiment  or  ''basal  mix.  « 
tares*'  of  the  phosphoric  acid  experiment  will  test  the  uniformity  of  the  soil. 

REPORTS. 

7.  Blanks  will  be  forwarded  to  experimenters  for  recording  and  reporting  details  as 
:  to  soil,  culture,  weather,  and  products.  The  observations  and  notes  made  during  the 
;  growth  of  the  plants  will  greatly  enhance  the  value  of  the  reports. 

PLAN  OF  EXPERIMENTAL  FIELD. 

The  plan  herewith  shows  a  fitting  arrangement  for  the  ''Nitrogen  Experiment  No. 
1, 1882,*'  and  illustrates  how  others  may  advantageously  be  planned. 

NITROGEN  EXPERIMENT.  , 

ARRANGEMENT  OF  EXPERIMENTAL  FIELD. 

With  '*Acre  set."    Each  plot  1-20  acre.  ^ 

Whole  field  one  acre.  I  Or  more  with  unmanured  strips  be- 

With  "Two-acre  set."    Each  plot  1-10 acre.  [         tween  each  two  plots. 

Whole  field  two  acres.  J 

0  No  manure. 

'  1  Nitrate  of  soda. 

2  Superphosphate. 

Preliminary  I    3  Muriate  of  potash. 

Group.        ]    4  Nitrate  of  soda  and  superphosphate. 

I    iS  Nitrate  of  soda  and  muriate  of  potash. 

(  6  Superphosphate  and  muriate  of  patash.    "Mixed  minerals." 

N'TTPTr- A/-TT^  V    '^    Mixed  minerals  plus  nitrate  of  soda.    One-third  ration. 
Groi-p         {    ^    Mixed  minerals  plus  nitrate  of  soda.     Two-tliirds  ration. 
(    9    Mixed  minerals  plus  nitrate  of  soda.     Full  ration. 

6a  Mixed  minerals.    Duplicate  of  No.  6. 

AuMoxiA     S    1^  Mixed  minerals  plus  sulphate  of  ammonia.    One-third  ration. 
Groitp         i    ^^  Mixed  minerals  plus  sulphate  of  ammonia.     Two-thirds  ration. 
(    12  Mixed  minerals  plus  sulphate  of  ammonia.        Fall  ration. 

66  Mixed  minerals.    Duplicate  of  No.  6. 

Organic      (    13  Mixed  minerals  plus  dried  blood.     One- third  ration. 
Nitrogen     ^    14  Mixed  minerals  plus  dried  blood.    Two-thirds  ration. 
Group.        (    15  Mixed  minerals  plus  dried  blood.    Full  ration. 

6c  Mixed  minerals.    Duplicate  of  No.  6. 

00  No  manure. 


APPENDIX. 


EXPLANATION  OF  TABLES. 

It  has  seemed  to  me  that  the  best  way  to  dispose  of  the  very  lar^e  mass  of  materia  \ 
^whrch  the  reports  of  the  experiments  make  up,  will  be  to  arrange  it  as  far  as  posible  \ 
in  tabnlar  form ;  and  to  put  the  larger  and  more  detailed  tables  by  themselves,  u\a 
jUtemx>ted  here. 

Table  I. — ^This  table  gives  the  results  of  experiments  with  corn  described  above. ' 
As  was  explained,  the  details  regarding  soil,  culture,  weather,  &c.,  as  reported  by  tbe  \ 
"Experimenters,  are  given  beyond. 

Table  II  gives  results  of  experiments  with  potatoes  on  the  plan  of  those  with  corn 
-ot  Table  I. 

Table  III  gives  similar  results  of  experiments  with  com,  cotton,  clover,  and  poU- 
toes.  It  will  be  noticed  that  these  experiments  were  all  made  in  the  year  1881,  upon 
•a  schedule  slightly  different  from  that  of  Tables  I  and  II.  The  differences  in  tbfse 
schedules  have  all  been  explained  above. 

Tables  IV  to  IX. — These  tables  include  what  we  have  called  the  "general  experi- 
ments''  (that  is,  those  that  were  made  primarily  as  soil  tests).  As  space  scarcely  per- 
"■nits  the  printing  of  all  the  details  as  to  the  soil,  culture,  weather,  &.C.,  which  were 
.^iven  by  the  experimenters  in  their  reports,  some  principal  data  have  been  tabulated 
^long  with  the  figures  for  produce.  Table  IV  gives  experiments  with  com  in  1876: 
Tab'e  V,  those  with  potatoes  in  1878 ;  Tables  VI  and  VII  include  the  experiments  of 
1879 ;  Tables  VIII  and  IX  those  of  1880. 

It  will  be  noted  that  no  tables  are  given  for  the  general  experiments  of  1681.  1 
have  felt  that  those  are  sufficient  for  their  purpose,  and  have  taken  no  pains  to  fleets 
«,  report  of  the  general  experiments  since  1880.  As  I  look  over  the  matter  now,  how- 
ever. I  am  by  no  means  certain  that  it  would  not  have  been  eminently  desirable,  had 
\snj  other  engagements  allowed,  to  collate  and  put  in  print  the  results  obtained  in  1861. 
•Still,  it  has  been  my  idea  from  the  outset,  that  the  experiments  should  be  madegrad- 
>tially  to  assume  a  more  and  more  scientific  character ;  and  in  accordance  with  that, 
^ave,  in  the  latter  season,  paid  less  heed  to  the  general  itnd  more  to  the  special  expeii- 
.Clients. 

Table  X. — This  table  is  intended  to  show  (1)  the  regularity  and  irregularity  of  the 
.miction  of  the  different  materials;  (2)  the  specific  effects  of  the  substances  furnishing 
nitrd^en,  phosphoric  acid,  potash,  and  plaster,  in  the  different  plot>s  of  each  expen- 
lueiit.  Full  explanations  may  be  found  in  the  portion  of  the  article  which  treats  of 
•this  >ubject. 

'i  ABLE  XI  gives  the  figures  selected  from  Table  X,  and  includes  experiments  whose 
.results  were  so  free  from  the  impairments  due  to  climate,  season,  culture,  and  especial 
irregularities  of  soil,  as  to  make  them  of  a  special  value  in  illustrating  the  specific 
■effects  of  the  different  materials,  and  thus  throwing  light  upon  the  feeding  capacitiee 
of  x>lauts. 

Tablk  XII  gives  partial  averages  of  results  of  the  experiments  of  1878  to  18S1,  that 
is,  they  include  several  plots  of  the  general  experiments,  and  the  similar  plots  of  the 
special  ones. 

Table  XIII  recapitulates  the  results  of  the  special  nitrogen  experinieiits. 

Following  Table  XIII  is  a  condensed  statement  of  the  details  of  the  .s[»ecial  nitn)jjen 
c'.Nperiinents  as  regards  .soil,  culture,  croppin««[,  tVc. 

100 


i 


•  •  •• 
►  •  •  • 


Xablb  I.— Special 

Ejfects  o/nitroge 

klRALr  SOURCES,  AND 

Potasb  and  K"n,  nitrogen  in  ooeth 

|til»Aoi],  heavy,  rooist,  unde 
Irom-out  meadow.  WecUhe 
iwrere  in  continuation  of  th 
If  1878.  SoU  —Heavy  loam, 
Ibt/. — Clay  loam,  compact  e 
llother  portion  of  the  same 
l^om-out  meadow,  pastaroi 
i  rather  dry — worn-put  mea 
I  in  1879,  after  r3^e  in  1878,  a 

1  acre  =» 

1  bashel  — 

'1  pound  (avoirdnpoia)  = 

1  'bushel  per  aore  = 

1  pound  per  acre  = 
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^^ 

p. 

o 
6 


0 
1 
2 
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6 
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8 
9 

00 

10 
11 
12 

66 

13 
14 
15 

16 

17 

000 


B.  '78. 


C.  '79. 


Claasiflcation. 


Group  I. 


I 


f  Valuable    inf^'^ien^^t  ^ 
elngly.  f 


Gitoup  It.  f 

Valuable     ingredienta,  f 
two  by  two. 


rot-al. 

sulks. 

Total 

Bu. 

LbM. 

Bu. 

17.7 

7.7 

15.1 

947 

7.4 

39.9 

1,640 

36.5 

19.1 

1,210 

7.7 

1 


Group  III. 


} 


t 


Nitrogen  (as  nltntte  of  <^* 
soda)  in  differeut  pro- .' 
portions.  f' 


41.9  1,660  41.4 

21.  1  1, 300  7. 1 

43.  1  1, 920  42, 0 

51.7  2,200  45.7 

47.  3  2, 290  46. 8 

47.  3  2, 280  42. 2 


{■ 


Group  IV. 

Nitrogen  in  mixture,  in 
ditfcrent  propoitions. 


Group  V. 

f  Nitrogen,  }  ration,  in 
ditfereut  combina- 
uons. 


(>)  The  "nitrogen  inixturt 
phosphoric  acid  and  75  lbs.  of  " 


7701)- 


pj 


58.1 
55.0 
55.3 


2,490 
3,230 
2,390 


49.8(')     2,350 


8.5 


50.0      '    2,330       44.0 
50. 7  2, 400       44. 5 

56. 4  2, 860       39. 1 


40.2 
40.7 
3&5 

36.5 


t.,  and  supplied  not  far  from 
in  contputing  averagers 


•\  s 


(•)• 


c^ 


Ik. 

m  • 


i.« 
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Table  X. — Effects  of  individual  ingredients  of  fertiligenj  »»lr# 

BxPLAHATlOtf.— This  table  is  intended  to  show  (1)  the  ref^nlftrity  or  irresuliuity  of  the  actiOD  of  tte 
potash,  and  plaster  in  the  diifereut  plots  of  each  experiment.  Thus,  in  JHo.  B,  the  saperphosphate, 
The  flEores  are  found  by  snbtractins  the  yield  without  each  ingredient  in  each  case  from  the  yidda 
givea  the  effect  of  superphosphate  uone.  That  of  mixture  of  superphosphate  and  potash  a^ta.  kai 
The  results  for  each  material  on  the  several  plots,  gives  the  effect  of  that  material  in  the  exi»eriiBaBt 


IKCBBABK  WITH  HITKOGK!!. 


•Oronplng  of  soils.  (By  yields  without 
fbruliaers.  Heaviest  soil  of  each 
group  above  and  lightest  below.) 
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SO-40  bushels  sheUed  com  per 
aore  without  manure. 


S 


M^M  baahels  nnmanured 


(S 


Over  40  bushels  unmanured. 
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Tatal  averages  of  26  experiments . 
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EXPERIMENTS  WITH 


.Aanglag  f^m  heavy  day  to  aandy  1 
loam.  ^ 


Tfttal  avBrages  of  9  experiments. 
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31.2 
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105.0 
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133.0 

141.0 
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32.5 
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27.0 
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32.0 

10.0 
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16.6 
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11.0 
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—8.0 

41.0 
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8.0 
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7.5 

20.0 

40.6 

4.3 

19.7 

23.0 
—0.8 
30.0 
23.0 
20.0 
35.0 
22.9 
22.0 
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15 
24.0 
22.6 
14.4 

7.0 
1&6 

8L7 
2019 


14.6 


*That  is  with  auperphosphata. 
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J  phosphoric  add  {with '^Hlphiii'ic  acid  and  lime)y  and  potash. 


<^i-ffereiit  materials  aiid  (2)  th«  specific  effects  of  the  eubatancea  fumiehing  uitroffen,  pboaphorio  acid, 
-and  in  No.  C,  the  muriate  of  potahb,  in  uniformly  efficient.  In  No.  21  the  reaulu  are  very  irre|nilAr. 
in  the  ca0««  in  which  it  wa«  used.  Thu.H,  the  yield  wit  h  superphosphate  alone,  minuB  that  with  nouiing, 
tlrat  with  pota«h  alone,  givetj  the  effect  of  superphosphate  with  poti^  salts,  and  ao  on.  Averaging 
a  whole. 
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POTATOES,  1878. 
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32.0 

had  also  scMne  tolpharic  acid  and  lime. 
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Tabus  I- 


Gronping  of  soils.    (By  yields  without 
ferulizen.  Heftyier  soil  of  eaob  group 
I  abore  and  lighter  below.) 
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IHCRBABE  WITH  IHTBOGBI. 


Yielding  less  tbsa  20  bushels  of 
shelled  oom  per  acre  without  ma- 
nure. 
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20-30    bushels  shelled    oom  per 
acre  without  manure. 


Av'ge. 


80-40  bushels  unmanured n  -Sa 


Orer  40  bushels  unmanured. 
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DETAILS  OF  SPECIAL  NITROGEN  EXPERIMENTS. 

Observ'ations  Regarding  Soil,  Weather,  Culture,  Charactkr  of  Proi>i:<:b, 

and  other  details. 

As  shown  by  the  reportH  of  indiyidnal  experiments,  of  which  examples  have  beeB 
giyen  elsewhere,  more  or  less  extensive  observations  have  been  made  and  recorded 
concerning  the  circomstanoes  and  conditions  of  the  experiments  and  the  character  of 
the  results.  A  faithful  statement  of  these  observations,  following  as  nearly  as  possi- 
ble the  language  of  the  experimenters,  will  be  valuable :  to  the  experimenters,  to  show 
what  their  fellow-workers  have  done,  and  how ;  to  other  farmers  who,  in  applying 
the  results  to  their  practice,  will  find  profit  in  comparing  the  experimenters'  cilW;am- 
stances  with  their  own ;  to  help,  in  general,  to  juster  criticizing  and  valuation  of  th« 
experiments,  interpretation  of  the  results,  and  improvement  of  plans  and  methods; 
and,  finally,  and  most  of  all,  to  show  what  good  work  farmers  can  do  in  applying  the 
methods  of  scientific  investigation  to  the  discovery  of  the  principles  on  which  their 
practice  should  be  based. 

The  following  details  of  the  reports  have  been  transcribed  under  my  direction,  witli 
-only  snch  alterations  as  accuracy  allows  and  omissions  as  the  permitted  space  de- 
mands. Only  the  details  of  the  nitrogen  experiments  are  given  here,  however. 
Those  of  the  general  experiments,  though  most  interesting  and  valuable,  are  neee*- 
saiily  omitted.    Some  of  the  principal  facts,  however,  are  included  in  Tables  IV-S. 

NITROGEN    EXPERIMENTS. 

A.  lB7b.    Prof.  J.  R.  Farrington,  Maine  State  College  of  Agriculture  and  Mechanic- 

Arts,  Orono,  Me.— Experiment  with  Corp. 

Soil. — Situationf  nearly  level,  but  with  a  slight  swell  running  across  the4niddle  of 
the  field,  draining  the  Surface  water  off  each  way  in  the  direction  of  the  length  of 
the  rows.  Kind,  heavy  clay,  dry  or  wety  moist,  not  underdrained.  Texture^  com- 
pact. Previots  treatment  and  yield. — In  meadow  (mowing)  for  ten  years.  In 
1873-^74  plots  running  at  right  angles  to  and  nearly  across  the  plots  of  the  present  ex- 
periment received  a  manuring  of  mineral  and  nitrogenous  fertilizers.  If  any  eflect< 
firom  those  fertilizers  remained  it  would  be  felt  alike  by  all  of  the  present  plotft. 
Tillage,  &.c, — ^The  land  w:ih  plowed  six  inches  deep  ten  days  before  it  was  planted; 
was  prepared  for  planting  by  thoroughly  pulverizing  with  Randall's  harrow  ;  meas- 
ured rows  marked  with  a  marker  drawn  by  hand.  Fertilizers  mixed  with  sawdust, 
carefully  distributed,  worked  into  the  soil,  and  seed  dropped  and  covered  with  a  hoe. 
Other  remarks.  —The  soil  of  the  field  has  a  remarkable  uniformity  of  appearance. 

B.  1^78.     W.  I.  Bartholomew,  Pomfret  (P.  O.  address,  Putnam),  Coun. — Experi- 

ment with  Corn. 

Soil. — Situation ,  summit  of  hill.  Kindf  black,  clayey  loam,  yellow  below ;  at  1^  or  t 
feet  becomes  a  stony,  compact  clay.  TexturOy  loose  surface  if  not  trodden  when  wek 
Dry  or  toetf  variable  with  the  season.  Depth  of  surface  soilf  6  or  ti  inches.  Subml, 
hard  and  compact.  Previous  treatment  and  yield. — Never  received  much  manure 
previous  to  1875.  In  grass  in  1875— '77,  crop  about  one  too.  Fertilizers,  how  ap- 
iplied. — Scattered  in  and  around  the  hills  before  dropping  the  corn.  Tuxagr. — Hoed 
twice,  and  corn  thinned  to  four  stalks  in  hill  at  second  hoeing. '  A  small  part  of  Nos. 
10  and  11  were  replanted,  and  corn  did  not  get  so  large  a  growth  in  those  plots. 
Weather. — Favorable ;  corn  came  up  well,  and  stood  remarkably  well  through  the 
season.  Other  remarks. — ^After  drying  one  month  the  ears  showed  a  shrinkage  of 
about  5  per  cent,  in  weight.  70  pounds  of  ears  as  harvested  yielded,  after  drying  one 
'month,  55|  pounds  of  shelled  corn.    One  bushel  dry  shelled  corn  weighed  60tV  pouiidt, 
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PiA>T8. — Size,  ,"',,  acre.     /?oi(>«,  3^  fe«t  apart.     Kind  0/ corn,  white  cap  com.     Planted, 
Ifay  IH — 20.     Harvenied,  September  :W-October  10. 

I 

C  lt<79.  IHK),  and  l*^!.    Al»o  by  Mr.  Baktholbmbw. — ExperimentA  with   <'orn  and 
PotatoeSf  Hide  by  side,  as  per  deHcriptiou  of 'experiment  of  1878, 

Tbe  experiment  was  on  a  part  of  the  .same  tield  as  that  of  1878,  and  the  other  detaihi 
frere  similar. 

C.  1879.  Wbathbr. — In  1879,  cold,  wet,  and  unfavorable  to  corn  thronghout; 
better  for  potatoes:  except  in  spring  potatoes  came  up  slowly.  Severe  storms  in  July 
and  Aagnst.  Frost  killed  corn  (September  25)  before  maturity.  Potatoes  were 
plautedy  like  the  corn,  in  hills  3^  by  3i  feet,  which  gives  not  more  than  half  the  hills 
nsnally  made  per  acre  for  this  crop,  but  were  so  planted  for  uniformity,  and  to  allow 
cultivating  both  ways.  No  donbt  there  would  have  been  nearly  donble  the  number  of 
bnsbela  if  they  had  been  planted  as  thick  as  usual.  The  hills  on  the  best  plots  were 
■o  fall  of  fine,  smooth  potatoes  as  to  excite  great  approbation  among  thoKe  who  saw 
them,  and  not  as  much  worm-eaten  as  was  common  here  this  season. 

C.  1880.  Weather. — Qood  for  corn,  but  too  hot  and  dry  for  potatoes,  although 
my  crop  was  very  good  when  compared  with  most  of  my  neighbors.  Fertilizers  ap- 
plied in  the  drill.  These  experiments  with  potatoes  are  perhaps  the  most  nnsatisfao- 
tory  to  me  of  any  that  I  have  reported.  In  some  of  the  plots  the  seed  appeared  to  be 
injured  by  the  fertilizers  and  were  replauted,  but  this  was  of  little  result.  Accidents 
prevented  uniformity  in  hoeing,  which  appeared  to  affect  the  crop  ;  and  also  trust- 
ing slightly  to  others  in  harvesting  makes  some  of  the  figures  a  little  uncertain. 

C.     1881.     Weather. — Afay,  latter  part  of  month  very  warm.    Jaaei  cold  and  wet. 
Severe  cold  storm  before  crops  came  up.    Julyj  frequent  and  ssevere  showers.    Hard 
hailstorm  July  4th.    Auffust,  cloudy.    Unfavorable  for  both  com  and  potatoes  in  this 
section.     The  crops  of  both  were  light.     Frrtilizera  applied  as  in  former  experi- 
ments, but  a  severe  storm  coming  on  soon  after  the  com  and  potatoes  came  up,  dis- 
solved the  fertilizers  and  appeared  to  injure  the  young  plants  slightly,  especially 
where  the  quantity  was   largest.     Planting  and  HUage  as  heretofore.     Other  rb- 
MARKS. — A  severe  hailstorm  July  4th  broke  down  and  battered  the  young  plants,  both 
of  corn  and  potatoes  ho  badly  that  1  almost  despaired  of  a  crop  worth  reporting,  and 
was  advised  to  plow  it  up  and  sow  buckwheat  instead,  but  the  potatoes  finally  made 
a  fair  growth,  although  the  yield  was  too  small.    The  corn  was  perhaps  the  most  in- 
jured, and,  as  the  season  was  bad,  was  very  poor.    Although  the  crops  were  small  in 
consequence  of  the  hail,  &c.,  perhaps  the  relative  effects  of  the  fertilizers  were  as 
manifest  as  in  a  good  season.    The  samd  marked  differeace  existed  that  has  character- 
ized the  use  of  different  fertilizers  with  me  from  the  beginning  of  my  experimenting, 
several  years  ago.    The  first  year's  story  is  repeated  each  successive  year,  only  as 
modified  by  the  seasons.    Most  likely  the  storm  about  the  1st  of  June,  which  coni- 
pietely  saturated  the  ground,  gave  some  of  the  plots  which  were  lightly  fertilized,  or 
not  at  all,  the  benefit  of  fertilizers  of  adjacent  plots,  especially  the  00  plot.    The 
ground  descends  from  the  larger  numbered  plots  toward  the  smaller  numbered  ones, 
and  consequently  the  fertilizers  tended  in  a  flood  in  that  direction. 

D.  1878.    Chester  Save,  Middletown,  Conn. — Experiment  with  Oom, 

Boil. — Siturationy  upland,  sloping  to  the  east.  JTind,  loam,  some  cobble-stones 
Texture,  loose,  not  drained,  compact  after  rains.  Depth  of  surface'SoUj&hout  6  inches. 
Sub$oHf  yellow,  with  cobble-stones,  hard  in  dry  weather.  Oih^  remarks,  the  land 
"'has  been  faithfully  neglected.''  Previous  treatment  and  •yield.— No  manure 
put  on  for  three  years  previous  to  187.5.  No  manure  in  1875-'77,  crop,  H,  1  and  J  tons  of 
hayperacre.  Wkatrer.— April,  rain,  5th,  10th,  11th,  21st,  23d,  25th,  28th,29th.  May 
rain,  5th,  9th,  20th,  21st,  2.5th,  :)Oth,  31st.  June,  rain,  tkl,  10th,  1 1th,  I2th,  1 3th,  17tb,  18th 
'i^,  24th,  27th.    July,  rain,  4th,  9th,  lOth,  12th,  21st,  27th,  30th.    August,  rain,  Ist,  2d 
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4th,  6th,  9th,  16th,  20th,  2l8t,  25th.  Fertiuzers,  how  applied. — ^Broadcftst  nl 
cultivated  in.  Tillage. — Caltivated  both  ways  twice  and  hoed.  Other  rexarjls.— 
The  birds  pulled  the  com  badly,  and  although  it  was  replanted  there  were  some  rai»- 
ing  hills.  Many  hills  in  each  plot  had  n  less  number  of  stalks  than  was  Intendei- 
The  number  of  hills  in  each  plot  containing  one  or  more  stalks  was  counted,  and  tin 
yield  per  acre  estimated  as  if  the  missing  hills  had  yielded  com  equal  to  those  liiQi 
that  grew.  Plots.— 454  feet  X  ^\  feet  =  12i^  square  rods.  (Fertilizers  applied  ik 
rat«  of  one-tenth  acre  for  each  bag. )  Rows,  3f  feet  apart.  HilU,  3i  feet  apart.  Pi^tmid, 
May  29.  Ifarvesiedy  October  25  and  26.  Pounds  allotoed  for  a  bHsM  of  produce,  70  d 
good  ears,  140  of  poor  ears. 

E.  1879.     Experiment  with  corn ;  also  by  Mr.  Says,  but  on  another  field  of  the  same 

farm. 

Soil. — Upland  northern  slope,  gravelly  loam,  thin  turf,  com^>aGt,  dry.  Depth  af 
surface  soil  5  inches.  Suhaoilj  yellow  and  heavy.  Previous  treatment  am> 
YIELD. — No  manure,  one-half  ton  hay  in  1876  and '77 ;  no  manure,  three-fourths  ton  hay 
W.  Fertilizers,  how  applied. — Sowed  broadcast  on  each  row,  except  unmanored 
rows,  which  were  3  feet  9  inches  wide.  Plots,  440  feet  by  3  feet  9  inches  =  &^  square 
rods.  Cropy  com .  Rows,  3  feet  9  inches  apart.  HillSf  3  feet  9  inches.  Plan  ted.  May  ^. 
Harvested^  first  week  in  November,  70  pounds  in  ear  per  bushel.  Tillage.  Other  re- 
marks.— This  report  includes  only  three  uumanured  rows.  For  20  rows  each  alter- 
nate row  was  without  manure,  so  that  the  first  10  rows  with  manure  had  10  »»«« 
wrthout  manure  betweeu  them,  and  had  I  saved  rows  enough  for  the  whole  16  rows 
of  the  experiment,  1  should  have  separateil  every  row  where  manure  was  put  by  or 
with  a  row  where  no  manure  was  put. 

F.  1879.    John  B.  Mead,  Randolph,  Orange  County,  Vermont. — Experiment  with 

Com. 

Soil. — Base  of  hill  southeast  slope.  Kind^  dark  loam,  with  some  clay,  light  wheudry^ 
Dry  or  wet^  variable  with  the  season,  dry  enough  for  com.  Depth,  4-S  inches.  Svhwil, 
somewhat  hard  and  compact.  Previous  treatment  and  yield. — Run  out  meadow 
with  —  ton  to  half  a  ton  of  hay  per  acre.  Plowed  in  1878  and  sowed  to  oats  with 
no  manure;  yield,  25  bushels.  Weather. — Cold  and  backward  in  spring  and  early 
summer;  worst  season  for  com  in  this  section  for  20  years.  Size  of  plots. — Eight 
square  rods.  Planted.  May  26.  Harvested,  October  8.  Fertilizers  applied  broad- 
cast by  hand,  being  careful  that  each  plot  received  its  own  and  no  more.  Planting 
AND  tillage. — Thoroughly  worked  with  harrow  before  application  of  fertilizers ;  seed 
planted  with  horse  planter  in  hills  about  2  feet  apart.  Cultivated  twice  and  kept 
free  from  weeds  by  hand-hoeing.  Other  remarks. — The  labor  was  less  than  ususl 
in  corn  raising.  The  season  being  unfavorable,  the  crop  was  small,  but  the  experi- 
ment has  taught  me  much  that  is  valuable  to  me,  and  if  it  will  repeat  itself,  a«  I 
think  it  will  repeat  itself,  it  will  be  worth  thousands  of  dollars  upon  my  farm. 

G.  1880.    Prof.  W.  H.  Jordan,  Maine  Agricultural  and  Mechanical  College,  Orouo, 

Me. — Experiment  with  ram. 

Soil. — Upland  quite  level.  Kind,  clayey  loam,  with  a  strip  across  somewhat 
lighter,  with  small  stones  very  .similar  to  A.  1878.  Dry  or  wet,  medium.  Previous 
treatment. — Pasture.  Weather. — A  very  dry  season,  indeed,  until  about  the  Ia«t 
of  August.  Tho  drought  injured  the  crop  very  much.  Fertilizers,  how  appukd.— 
In  hill,  with  thorough  mixiug  with  soil.  Tillage. — The  land  was  plowed  iu  the 
spring  just  before  planting  and  pulverized  with  a  Raudall  harrow.  The  land  had 
also  been  plowed  the  fall  previous.  Thorough  tillage  was  kept  up  during  growing 
season. 
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H.  1880.     Edward  Hicks,  Old  Weatbury,  Queens  County,  New  York. — Experiment 

with  Com. 

m 

Soil. — Level,  enndy  loam,  dark  color,  light  and  loose.  I>ry  or  wet.  Dry.  Depth 
0/  surface  eoil,  d-8  inches.  Siibeoilj  yellow  loam.  Weather. — Dry,  though  very 
favorable ;  crop  throughout  the  island  unusually  heavy.  The  di'ought  had  no  per- 
ceptible effect  upon  the  growth  of  the  corn.  Fertilizers,  how  applied. — The  ground 
was  laced  out  3  feet  9  inches  apart,  with  a  light  lace  and  the  fertilizer  for  each  plot 
was  put  in  a  pail  and  the  pa«]  filled  with  dry  e^rth  and  thoroughly  mixed  with  the- 
fertilizer;  this  gave  an  even  quantity  to  apply  to  each  plot  on  the  lace  marks.  The 
corn  planter  opening  a  furrow  through  the  lace  marks,  stirred  the  fertilizer  and  soil 
together.  Tillage. — The  corn  ground  was  smoothed  with  a  plank  drag  and  har- 
rowed twice  after  the  corn  was  up,  then  cultivated  twice,  leaving  the  ground  perfectly 
level.  It  was  hoed  and  thinned  out  at  the  same  time,  leaving  the  plants  10  to  12  inches 
apart.  Other  remarks. — The  corn  Avas  not  husked  tiU  November  24-30,  and  as  some 
of  the  stalks  were  blown  down  and  wet  we  did  not  weigh  the  stalks.  The  stalka 
appeared  to  be  very  uniform  throughout  the  whole  of  the  plots.  Since  reading  your 
remarks  in  the  American  Agriculturist  about  the  length  of  plaut  roots,  I  think  that 
a  vacant  plot  should  be  between  everj'  fertilized  plot.  My  unnianured  plot*  were  too- 
narrow.  J  do  not  think  tbey  would  have  j'ielded  near  as  well  had  they  been,  say^ 
four  rows  wide,  and  to  take  Hccount  of  only  the  two  middle  rows.  The  second  and 
third  plot  got  mixed  in  cutting  up  the  corn  on  one  end  of  the  plots,  and  the  ligurea 
for  them  are  not  as  exact,  having  to  estimate  from  the  other  end  of  the  two  plots. 
No  width  was  allowed  except  width  of  the  rows  3  feet  9  inches. 

P.  1881.     Hicks,  as  above. — Experiment  with  Corn, 

Soil, — Dead  level.  Kind^  sandy  loam,  light.  Dry  or  ire/,  dry.  Depth  of  surface- 
soil^  7-9  inches.  Suhaoil,  yellow  loam,  4-8  inches,  then  gravel.  Previous  treat- 
ment and  yield. — Con),  succeeded  by  potatoes  and  oats;  then  winter  wheat  and  rye^ 
seeded  with  timothy  and  clover;  mowed  thre«  years,  then  pasture  one  or  two  years. 
Weather. — Planted  18th  to  20th  of  May ;  ground  in  good,  warm  condition.  June,  fa- 
vorable ;  little  too  cool.  July^  dry.  Augnst,  very  dry.  Very  unfavorable  the  lant  half 
of  the  growth  of  the  crop.  Fertilizers,  how  applied. — Broadctist  on  six  rows,  so 
that  the  outside  rows  did  not  have  any  fertilizer  on  the  outside  of  the  row.  Each  bag 
was  mixed  thoroughl}-  with  sifted,  damp  earth,  to  bring  the  quantity  of  each  bag  to 
two  large  parts  full.  A  pailful  was  applied  to  each  three  rows ;  the  damp  earth 
helped  to  prevent  the  wind  from  blowing  the  dry  fertilizers.  Tillage. — Albany  corn* 
planted  with  a  weighted  wheel  to  follow  and  press  the  earth  firmly  upon  the  seed. 
Used  a  amoothing  harrow  as  soon  as  the  corn  was  six  inches  high.  Cultivated,  then 
hoed  and  thinned  out  to  one  plant  to  10  to  12  inches.  Worked  out  the  corn  twice 
with  riding  Disc  harrow ;  this  hilled  up  the  com  perhaps  too  inuch.  Other  re- 
marks.—  By  referring  to  diagram  of  unmanured  plots  you  will  observe  that  the  north 
end  of  the  plots  yield  very  much  more  than  the  others.  You  will  also  observe  that^ 
plot  6c,  mixed  minerals,  is  much  larger  in  yield  than  the  other  plots,  6,  6a,  6b,  mixed 
minerals,  which  are  quite  uniform.  I  attribute  it  to  either  having  had  potatoea 
plauted  on  the  north  side  of  the  field  adjoining  the  fence  the  last  time  it  had  pota- 
toes and  oats,  about  seven  years  ago,  or  to  snow-banks  lying  there,  or  both  ;  it  is  where 
we  had  potatoes,  I  have  no  doubt,  as  they  were  manured  very  heavily.  Now  tliia 
makes  a  want  of  uniformity  in  the  soil,  and  plots  Nos.  1  and  6  are  not  a  correct  yield 
from  the  fertilizer  applied.  Perhaps  plots  Nos.  2  and  15  are  also  a  little  affected  by  it. 
I  take  the  average  of  unmanured  plots  on  the  east  side  for  No.  0,  and  on  the  west- 
irid«-  for  No.  00. 

I-  1680.     Charles  Fairchild,  Middletown,  Conn. — Experiment  with  Com. 

Soil. — Upland  level,  sandy  loam,  light,  and  loose.     Dry  or  wet,  dry,  decidedly. 
Depth  of  surface  soU,  about  6  inches.    Subsoil,  sandy  and  gravelly.    Previous  treat- 
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MKNT  AND  YIELD.— Pre vio US  to  1^7  the  tield  was  au  old  pasture,  thoroughly  run  mi 
and  already  infested  with  bushes ;  it  had  not  been  plowed  for  twenty  years  or  idbr. 
Weather. — Mapf  very  dry;  severe  drouth.    June^  very  dry,  but  some  showern.     t/«f|, 
•considerable  wet  weather  early  in  the  month.     August^  fine  growing  weather ;  on  ths 
whole  very  favorable  for  corn.    Fertilizers,  how  applied. — Sowed  broadcast  ani 
harrowed  in.     Bet\^een  each  two  plots «vas  left  an  unmannred  strip  two  feet  wide; 
that  is.  the  fertilizers  were  spread  so  as  to  cover  8i  ft^et  of  the  lO^feet  of  the  width  of 
the  plot,  thus  leaving  a  foot  on  each  side  t»f  each  plot,  or  a  strip  two  feet  wide  l>et  ween 
•each  two  plots  unmanured.    Tillage. — Planted  4  kernels  in  each  hill;  hills  3^  feet 
4ipart  each  way;   cultivated  both  ways  four    times;  not  hand-hoed.     Othkr   r«- 
MARKS. — Neither  nitrogen  nor  potash  alone  seemed  to  help  much,  but  with  other  ma- 
terials each  increased  the  yield.     In  other  cases  muriate  of  potash  alone  has  proved 
verv  eflScient. 

I.  18HI. — Experiment  with  Com. 

Soil. — Upland,  level  sandy  loam,  light.  Dry  or  tvet^  dry.  Depth  of  surface  90il,  M 
inches.  Sub»oilf  sandy  and  gravelly.  Previous  treatment  and  yield,  Pa»turB. 
Weather. — Favorable.    Fertilizers,  how  applied. — Broadcast. 

I.  1881. — Experiment  with  potatoes. 

Soil. — Similar  to  1, 1881,  with  corn.  Weather. — May,  warm.  June,  c-old  and  wei^ 
-Julyy  warm  and  dry.  August ,  warm  and  dry.  Fertilizerb,  how  applied. — Broad- 
cast. Tillage. — Planted  in  drills  ^  feet  apart,  2  feet  in  row.  The  potatoes  were  cot 
in  small  pieces,  with  two  eyes  in  a  pi*ce,  and  one  piece  in  a  place.  Hoed  by  hand 
once,  cultivated  with  horse  hoe  three  times. 

K.  1880.    William  C.  Newton,  Durham,  Conn.— Experiment  with  Owm, 

Soil. — Upland  slope  to  northeast,  dark  loam,  few  stones.  Dry  or  voet,  moiut. 
Depth  of  surf  ace  soilf  5-6  inch.  Suhsoilj  yellow  loam,  some  stones.  PREViors  treat- 
ment AND  YIELD. — 1876,  com  with  a  hundred  pounds  guano  i>er  acre,  yielded  about 
150  bushels  of  ears  per  acre.  1875,  corn,  I  ton  of  fish  scrap  per  acre  yielded  about 
125  bushels  ears  per  acre.  1874.  1  tou  of  fish  scrap  per  acre  yielded  about  110  bush- 
<els  per  acre.  I  think  in  1876  there  were  some  German  potash  salts  applied,  do  not 
know  the  quantity.  Weather. — Season  favorable  for  corn.  Fertilizers,  how  ap- 
plied.— Special  nitrogen  set  half  size,  ai>plied  broadcast.  Tillage. — Hand  hoed  onoe, 
-cultivated  twice,  which  kept  the  ground  free  from  weeds.  Plowed  between  the 
•different  plots  in  order  to  cut  the  roots  and  prevent  them  feeding  on  the  adjoining 
plot. 

L.  1881.  Also  by  Mr.  Newton.  Adjoining  portion  of  the  ^4ame  field  a^  the  ex- 
periment of  1880. 

M.  1881.     Prof.  C.  L.  Ingerholl,  La  Fayette,  Ind. — Experiment  with  Com. 

Soil. — ^>^irst  level  or  blufi'  100  feet  above  level  of  Wabash  River ;  black  soil,  {«imilar 
to  prairies,  but  with  less  organic  matter;  finely  divided  and  sticky  when  wet ;  bakea 
when  dry.  Dry  or  toetj  naturally  dry  ;  well  drained.  Depth  of  surface  soil  8  to  S4 
inches.  ^&«oi/,  gravel  30  to 90  feet  de»p.  Best  suited  for  corn  and  wheat.  Com  varies 
from  30  to  40  bushels  per  acre ;  wheat  18  to  30  per  acre.  Previous  treatment  and  yield. 
— Treatment  not  known  previous  to  1878 ;  supposed  in  grass,  either  meadow  or  pasture, 
for  four  years  at  least.  1878,  pasture.  1879,  pasture.  1880,  corn  ;  :id.7  bushels  per 
4icre.  Weather. — April,  cold  first  half,  warmsecond  half.  Rather  dry ;  2.25  in.  rain- 
fall. Frost  to  the  17th.  Mayy  warm  except  first  week ;  rain-fall^  3.H2  inches.  Drought 
from  May  15  to  June  5.     June,  Tf  arm  and  wet  from  5  to,.20.     Rain-fall,  7.16  inches.    Ne 
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mm    excvpt  twice  fnuii  July  22  to  .September  2.     Rain-tall  "i.rj  inchen,  in  lOtlays- 

.o  t  ^nd  dry.    Temperature  10:<o  for  two  days.     August,  very  hot  and  dry  ;  temperature 

0€>^  or  over  for  !•>  days.     Highewt  temperature,  107'^.     Kain-fall,  0.47  inch.     Very  un- 

'^n^orable  season  for  the  crop.     Fkrtilizeks,  how  applied. — Applied  by  hand  after 

^^i  3ciiig  with  about  twice  its  bnlk  of  earth.    DiHtributed  a  foot  on  either  side  of  the  row. 

fiE^LAGS  AND  PLAXTiNc;.     Planted  by  hand  in  hiUs  4  feet  2  inches  apart  each  way. 

[1:1  rows  for  cultivation  in  two  directions.     Tillage  by  horse.     Ofhkr  remarks. — Laml 

plovv^ed  May  9;  harrowed  once,  May  U,  with  smoothing  harrow.     Planted  May  12,  6 

]iii(l  7  grains  in  a  hill.     Fertilizers  applied  May  14 ;  cultivated  tive  times.     No  uuma- 

Diiped  strips  between  plots,  exce])t  in  Nos.  I  andSO,  Oand  iX)  of  corn  plan.     Scattering 

weeds  boed  out  July  9;  corn  cut  October  I  and  3.     Husked  October  H  and  weighed  (frr 
Co^er  15. 

M.  IHHI,  Potatoea.     Similar  to  corn,  1h«1,  in  respect  to  soil,  weather,  and  applica- 

tioQ  of  fertilizers.     Plaute<l  by  hand  in  hills  1  foot  4  inches  apart  in  rows  for  cnlti- 

vnt^ion  in  one  direction.     Tillage  by  horse  and  by  hand.    Potatoes  cut  in  about  six 

piecen  and  two  dropped  in  u  place.     Rows  33  inches  apart.     Cultivation  only  north 

and.  sooth.     Other  remarks. — Land  plowed  April  22;  harrowed  once  with  sniooth- 

tn|^  harrow.     Planted  April  *£i ;  cultivated  live  times.     Hoed  June  11  and  May  18.     No 

xiiiiTiannred  plots  except  0  and  00.     Five  feet  width  between  these  and  the  manured 

plots.     Potatoes  dug  and  weighed  ^September  24.     Unfortunately  part  of  our  seed 

mixed,  and  hence  the  results  are  not  as  accurate  as  we  would  wish. 


N.  1881.  C.  £.  Thor.vk,  farm  manager,  Ohio  State  University,  Columbus,  Ohio. — Ex- 
periment with  Com. 

Soil. — Level  upland,  clayey  loam,  dark,  medium  amount  of  vegetable  maUer. 
"*' Drift"  formation  from  Huron  shale  moderately  compact,  thoroughly  drained  in  JpriZ 
and  May.     Ih*y  or  wet,  wet  before  drainage.     Deuth  of  surface  aoily  owing  to  the  forma- 
tion the  division  between  the  surface  soil  and  subsoil  is  not  distinctly  marked.     The 
plow  has  been  lowered  to  12  inches  without  increase  of  crop.     Subsoil,  about  18  inches 
below  surface  of  bowlder  clay  ;  ve^y  retentive.     Prkvioitstreatmknt  and  yikld. — 
1876  sowed  to  grass,  bat  it  failed  to  take :  IH77  corn.     Weath  kr. — April,  cold  and  wet ; 
daring  the  first  half  a  heavy  snow  covered  the  ground ;  closed  dry.    Mafi  dry.     June 
dry ;  one  good  rain  about  the  lOth.    July  dry ;  light  rains  latter  part  of  month.    August 
dry.     Season  so  dry  as  to  cause  a  los^4  of  50  per  cent,  in  yield.     Fbrtilizbr9,  how 
APPLIED. — The  fertilizers  were  spread  by  hand  in  strips  2^  to  3  feet  wide,  having  the 
corn  row  as  the  center  of  the  strip.    The  rows  were  of  such  length  that  three  rowsoc- 
copied  J^  acre  of  land.     The  stable  manure  was  spread  in  a  contiiluous  strip,  occupy- 
ing the  whole  width  of  the  plot.    TiLLAtrE.—The  corn  was  planted  (east  and  west) 
with  a  two* horse  corn-planter,  on  the  26tli  of  May.     It  was  cultivated  four  times  during 
the  season  with  a  two-horse  cultivator. 

O.  18>i<l.     J.  W.  PiF.RCK,  West  Mil  lb  ury,  Mass.— Experiment  with  Corn. 

Soil. — Upland,  nearly  level,  except  southwest  corner,  which  is  on  hill-side;  clay  and 
gravelly  loam;  color  light,  with  yellow  subsoil,  light  and  mellow  in  texture.  Dry  or 
wet,  dry,  but  does  not  suffer  from  drought.  Depth  of  surface  soil,  from  H  to  7  inches. 
Subsoil,  gravelly,  with  some  clay.  Prkvious  trkatmknt  am»  yikli>. — Most  of  it 
manured  and  planted  with  corn  in  1875;  oats,  without  manure,  in  1876;  clover,  with- 
out manure,  in  1877.  Weather. — April,  wet.  May,  first  half  warm,  last  half  wet  and 
«old.  June,  wet  and  cold.  July  dry,  but  cloudy  and  cold.  August,  first  part  cold,  last 
part  warm;  and  September,  warm  and  dry ;  on  the  whole  cold  and  unfavorable  i  or  corn. 
Fertilizers,  how  applied. — Sown  broa<lcast  and  harrowed  in  with  wht^el  harrow. 
The  small  messes  were  mixed  with  enough  damp  sawdust  to  make  the  bulk  of  each, 
bag  about  the  same,  and  sown  thicker  in  center  of.  plots  than  at  sides.  -In  plant- 
ing the  ground  was  marked  both  ways  3^^t  feet  apart,  or  25  hills  to  the  square  rod. 
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Tillage.  It  was  cultivated  three  times  each  way ;  hoed  once,  and  horse  hoed  bott 
ways  when  just  tasseling,  August  8.  Other  remarks. — ^These  plots  have  a  sooA* 
west  aspect. 

Q.  1881.  Samuel  Johnson,  Agricultural  College,  Lansing,  Mich. — ^Experiment  witk 

Com, 

Soil. — Level  upland,  sandy  loam,  except  about  ^  of  each  plot  at  the  east  end,  whie^ 
is  clayey  loam.  Texturef  light  and  loose;  drained.  i>r^  or  ure^,  dry, but  withstaodfi 
drought  well.  Depth  of  surface  eoil,  about  8  inches.  Subsoil,  mostly  sandj'  or  gravdly; 
clay  at  east  end  of  plots.  Previous  treatment  and  yield. — In  1874  com ;  1S5 
roots,  with  go6d  dressing  of  barn-yard  manure;  1876  oats ;  1876-'77  wheat  and  seededte 
clover.  Weather. — April,  cold  and  wet.  May^  favorable.  June,  rains  on  8th  and  12tli; 
15th  to  23d,  cold,  with  some  showers;  27th  rain  ;  too  cold  during  month  for  com.  Julf^ 
rain  on  7th;  latter  part  too  cold ;  entirely  too  dry.  August^  rain  5th  and  18tb ;  warra. 
but  too  dry.  Unfavorable  on  the  whole.  Fertilizers,  how  applied. — By  hand, 
then  thoroughly  harrowed  into  the  soil  with  a  Thomas  smoothing  harrow  before 
planting.  Each  plot  consisted  of  a  single  row,  which  was  unmanured  10  feet  oa 
either  side,  making  the  manured  strip  4  feet  wide.  An  unmanured  strip  4  feet  wide 
was  left  between  each  plot  of  corn.  The  corn  was  planted  in  hills  4  feet  apart  in  the 
row ;  the  rows  were  8  feet  apart ;  that  is,  every  other  row  was  left  vacant.  Tillage.— 
The  crop  was  cultivated  iive  times.  A  few  weeds  were  pulled  lat-eMnthe  »eaaoD. 
Other  rkmarks. — The  shelled  com  is  estimated  from  average  samples  of  the  good 
corn,  which  were  thoroughly  dried  and  shelled  January  9,  ISSZ.  The  shelled  corn 
averaged  nearly  71  percent,  of  the  fresh.coru  in  the  ear,  owing  to  wet  wtwither  previous 
to  husking;  neither  corn  nor  fodder  was  very  dry  when  husked. 

8.  1881.  Prof.  W.  C.  Stubbs,  Auburn,  Lee  County,  Ala. — Experiment  with  Cotton. 

Soil. — Level  upland,  sandy,  with  small  quantity  of  veget^ible  matter;  Hj^ht,  weB 
drained.  iPry  or  wet,  very  dry.  Depth  of  surfaa:^  4  to  6  inches.  Subsoil,  reddish  yel- 
low clay.  Previous  treatment  and  yield. — Itha<l  been  pastured.  Bermudagrssa 
had  grown  up  here  and  there  in  patches,  but  was  nearly  all  removed  by  hand,  and 
hoed  before  experiment.  Weather. — May,  planted ;  seasonable.  June,  oea^onable* 
July,  long  drought,  but  on  account  of  late  planting  did  but  little  daaiaj^.  AmgusL 
showery  and  seasonable.  On  whole,  rather  unfavorable  season.  Fertilizkrs,  HOW 
APPLIED. — In  drill,  and  bedded  on  them.  Three  rows  3  feet  wide  to  each  experi- 
ment. Each  pai'cel  of  fertilizer  weighed  into  three  equal  pares.  Mixed  evenly  with 
dry  earth,  and  applied  as  carefully  as  a  skilled  hand  could  do  it.  Tillaok  and 
planting. — Planted  with  ordinary  cotton-planter.  Chopped  to  a  stand,  and  enlti- 
vated  with  cultivator  sweep  and  hiller.  Other  remarks. — Only  a  fair  st^nd  was 
obtained.  Cotton  planted  too  late,  on  account  of  detention  of  fertilizers  **  in  transitu*' 
from  Now  York. 

S.  1881.  J.  M.  Manning,  Raynbam,  Taunton.   Bristol  County.  Mass. — Experiment 

with  Clover. 

8oiL. — Upland,  with  gentle  slope  to  the  east,  southeast,  and  northeast ;  sandy  loam; 
some  gravel  and  small  stones  on  south  side,  loose  ;  lower  corner  northeast  more  com- 
pact. Diy  or  wet,  medium.  Depth  of  nurface,  6  or  7  inches.  Subsoil,  yellow  sand. 
Previous  treatment  and  yield. — A  small  crop  of  grass  taken  off  each  year  for  sev. 
eral  years,  and  no  manure  applied.  Weather. — April,  wet.  May,  wot;  third  week 
very  rainy.  June,  wet ;  rain  on  the  2<l,  M,  7th,  8th,  10th,  19th,  26th,  and  30th.  On  the 
28th  three  heavy  showers.  July,  light  shower  on  the  2d,  4th,  and  8th ;  heavy  shower 
on  the  2l8t ;  last  week  cloudy  and  rainy.  August,  dry ;  last  part  hot.  The  first  part 
of  the  season.  May  and  June,  very  hot,  which  occasioned  delay  in  seeding.     July  ft- 
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ir<»]ra>b1e;  Aagnst  and  first  half  of  Septesiber  too  dry.    Fbrtiuzkrs,  how  applisd. — 

Basiled  in  the  seed,  driving  lengthwise  of  the  plots,  and  rolled  the  ground.     Mowed 

^fae    ^ass  with  a  machine  September  16,  driviDg  directly  across  the  plots,  north  and 

Boutli.     Raked  each  plot  separately,  by  setting  up  five  stakes  in  a  line  between  two 

plo'fes,  and  moving  each  stake  three  paces  or  9  feet  as  we  came  to  it  in  raking.    I. 

Spr>ead  the  fertilizer  nniformly,  leaving  a  strip  three-fourths  of  a  foot  wide  between 

'Oflu^li  plot  nnmanured ;  harrowed  the  ground  lengthwise  of  the  plots.    Theae  extended 

east  and  west,  at  right  angles  with  those  in  the  experiments  of  the  previous  years. 

III.    The  very  heavy  showers  on  the  28th  of  Jnne.three  days  after  sowing  the  seed, 

^vaiilied  some  of  it  away,  and  into  hollow  places,  and  probably  some  of  the  fertilizer 

"With  it.    Othbr  details. — At  intervals  on  plot  No.  5,  about  one-third  of  its  area  in 

Ally  nothing  came  up,  scarcely  a  weed.    Tbe  ground  was  nearly  level,  yet  possibly 

tlie  bush  dragged  the  seed  into  the  hollow  places.    I  have  added  to  the  actual  weight 

of  bay  on  this  plot  one-half  its  weight,  to  make  up  for  the  vacant  places.    The  clover 

came  up  quite  uniformly  on  the  other  plots,  though  it  did  not  make  a  large  growth, 

oo  account  of  the  late  sowing  and  dry  weather  in  August.    Weeds  were  thrown  out. 

Considerable  fine  grass  came  np  of  its  own  accord  among  the  clover.    September  21 

parted  the  hay  into  the  bam  and  weighed  it.    The  hay  was  dry  and  of  good  quality 

for  producing  milk. 
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DEPARTMENT   OF  AGRICULTURE,  COMMISSIONER'S  OFFIOK. 

The  following  paper,  i)repared  for  this  country  and  read  before  die 
American  Association  for  the  Advancement  of  Science,  in  August,  1888^ 
is  considered  an  important  addition  to  the  views  of  Professor  Atwate 

contained  in  this  volame. 

GEO.  B.  LORING, 

Commisiiamer, 


DETEBMINA  T/ONS   OF   NITROGES  JN  THE  SOILS  OF  SOME  OF  THE  EX- 
PERIMENTAL FIELDS  AT  ROTHAMSTED,AXD    THE  BEARING  OF  THM 
RESULTS  ON  THE  QUESTION  OF  THE  SOURCES  OF  THE  NITROOEN  OF 
OUR  CROPS. 

By  Sjr  John  Bennett  Laweh,  Bart.  LL.  D.,  F.  R.  S.,  F.  C.  S.,  and  Joseph  Henet 

Gilbert.  Ph.  D.,  F.  R.  S.,  F.  C.  8.,  F.  L.  8. 

It  is  ju8t  about  a  century  since  the  question  of  the  sources  of  Um 
nitrogen  of  vegetation  became  a  subject  of  experimental  inquiry,  and 
also  of  coullicting  opinion.  It  is  nearly  half  a  century  since  Boot- 
singault  was  led  by  a  study  of  the  chemistry  of  agricultural  productkm 
to  see  the  imi>ortance  of  determining  the  sources  of  the  nitrogen  pe- 
riodically available  to  vegetation  over  a  given  area  of  land.  Somewhtt 
later,  the  Kothamsted  experiments,  now  in  their  fortieth  year,  wa« 
commenced,  and  in  their  progress  many  facts  have  been  elicited  bearinf^ 
upon  the  same  subject.  8till,  almost  from  the  date  of  BoussingauU^ 
first  investigations,  the  question  has  been  one  of  controversy,  and  at 
the  present  time  very  conflicting  views  are  entertained  respecting  it 

For  ourselves,  we  have  pointed  out  how  entirely  inadequate  is  the 
amount  of  combineil  nitrogen  coming  down  in  the  measurable  aqueoas 
deposits  from  the  atmosphere  to  supply  the  nitrogen  of  the  vegetation 
of  a  given  area.  "  Other  possible  supplies  of  combined  nitrogen  from 
the  atmosphere  have  also  been  considered  and  pronounced  inadequate. 
Again,  the  question  whether  or  not  plants  assimilate  the  free  or  an- 
combined  nitrogen  of  the  atmosphere  has  been  the  subject  of  laborioas 
experimental  inquiry,  and  also  of  critical  discussion,  at  Rothamsted. 
Finally,  the  question  whether  the  stores  of  the  soil  itself  are  an  im- 
portant source  of  the  nitrogen  of  our  crops  has  frequently  been  ooe- 
sidered. 

It  may  at  the  outlet  be  frankly  mlmitted  that  so  long  as  the  facts  of 
production  alone  are  studied,  without  knowledge  of,  or  reference  to,  Uie 
changes  in  the  stock  of  the  nitrogen  in  the  soil,  it  would  seem  essential 
to  assume  that  a  large  proportion  of  the  nitrogen  of  crops  growioj^ 
without  any  direct  supply  of  it  by  manure  must  be  derived,  in  some 
way  or  other,  from  atmospheric  sources.     The  assuuiption  which  is  most 
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in  favor  with  some  prominent  .writerK  is,  that  whilst  some  plants  de- 
rive  most  or  all  of  their  nitrogen  from  the  stores  of  the  soil  itself,  or 
frona   manare  applied  to  it,  others  derive  a  large  proportion  from  the 
free  nitrogen  of  the  atmofsphere.    We,  ou  the  other  hand,  whilst  freely 
admitting  that  the  facts  of  production  are  not  conclusively  explained 
thereby,  have  maintained  that  such  collateral  evidence  aa  the  deter- 
minations of  nitrogen  in  our  soils  afford,  is  in  favor  of  the  supposition 
that  the  soil  may  be  the  source  of  the  otherwise  unexplained  supply  of 
nitrogen.    This  latter  conclusion  we  have  frequently  stated  in  general 
terms,  but  we  have  not  hitherto  published  the  numerical  results  upon 
which  it  is  based.     Fairly  enough,  it  has  been  objected  that  such  an 
important  conclusion  cannot  be  accepted  without  the  numerical  evi- 
dence to  support  it.    Further,  erroneously  interpreting  our  statements^ 
calcalatious  have  been  made  to  show  that  it  is  quite  beyond  the  reach 
of  present  methods  of  determination  of  nitrogen  in  soils  to  afford  re- 
sults jastifying  the  conclusions  we  have  drawn.    Since  this  subject  of 
the  sources  of  the  nitrogen  of  our  crops  has  been  much  discussed  in 
America,  it  has  been  thought  that  it  would  not  be  inappropriate  to 
answer  the  challenge  by  bringing  forward  some  of  the  numerical  evi- 
dence we  have  accumulated  before  this  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  to  do  this  is  the  object  of 
the  present  communication. 

Before  calling  attentioti  to  the  special  results  in  question,  it  will  be 
necessary,  however,  to  convey  a  clear  idea  of  the  problem  to  be  solved, 
by  recapitulating  some  of  the  important  facts  which  have  been  estab- 
lished as  to  the  amount  of  nitrogen  yielded  over  a  given  area  by  differ- 
ent crops.     In  his  original  inquiries  Boussingault  estimated  the  amounts 
of  nitrogen  supplied  by  manure  and  removed  in  the  crops  in  ordinary  ag- 
ricultural practice.    This  mode  of  estimate  is  also  the  one  generally 
adopted  by  others,  and  we  have  ourselves  not  neglected  it.    But  it  is  ob- 
vious that  the  results  of  experiments  in  which  different  crops  have  been 
grown  for  very  many  years  in  succession  on  the  same  land,  bo  th  separately 
andnn  actual  course  of  rotation,  and  both  without  nitrogenous  manure 
and  with  known  quantities  of  such  manure,  must  afford  very  important 
data  as  to  the  amounts  of  nitrogen  available  tc»  vegetation,  from  soil  and 
atmosphere,  over  a  given  area.    The  Rothamsted  field  experiments  are 
pre-eminently  adapted  to  provide  such  data.    Thus,  wheat  has  now  been 
grown  for  thirty-nine  years  in  succession  on  the  same  land  ;  barley  for 
thirty  one  years ;  wheat  in  alternation  with  fallow  thirty-one  years ; 
beans  for  nearly  thirty  years ;  clover  for  many  years ;  turnips,  sugar- 
heet,  or  mangels  nearly  forty  years :  whilst  experiments  on  the  mixed 
herbage  of  grass-land  have  been  rontinued  for  iwenty-seven  years,  and 
on  an  actual  course  of  rotation  for  thirtyfive  years.     We  have,  from 
time  to  time,  published  what  we  may  call  the  nitrogen  statistics  of  the 
crops  so  grown ;  and  we  have  compared  these  facts  of  production  with 
what  is  known  of  the  sourcej^  of  nitrogen  available  to  the  crops. 
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YIELD   OF  NITROGEN   IN  DIFFERENT   CROPS. 

The  following  table  (I)  shows  the  yield  of  nitrogeii  per  acre  per  an- 
num in  wheat,  barley,  root  crops,  beans,  clover,  and  in  ordinary  rota- 
tion, in  each  case  without  any  nitrogenous  manure.  It  will  be  observed 
that  only  in  the  case  of  the  root  crops  is  the  record  brought  down  to  a 
later  date  than  1875.  Independently  of  the  fact  that  the  requisite  nitro- 
gen determinations  are  not  yet  completed  for  the  subsequent  period,  it 
has  been  decided  that  owing  to  the  number  of  very  exceptionally  un- 
favorable seasons  for  com  crops  which  have  occurred  since  1875,  ft 
would  be  fallacious  to  bring  the  results  for  those  crops  in  the  later  sea- 
sons as  illustrating  the  falling  off  of  yield  due  to  soil  exhaustion. 

Table  I. — Yield  of  nitrogen  per  acre,  per  aiinttm,  in  various  crops  at  Mothamsted,  witkott 

nitrogenous  manure. 


Crop,  Sto. 


Wheat 


Barley 


Condition  of  manuring,  &c. 


Duration   of   ex- 
periment. 


Boot  crops. 


Beans 


Clover 

Barley 

Clover 

Barley 


Botation  . 
7  courses. 


Unmanured 


Complex  mineral  manure . 


Unmanured 


Complex  mineral  manure. 


Complex  mineral  manure.. 


Unmanured. 


Turnips 

(Barley).... 

Turnips 

Sugar  beet . 

Mangles 

Tot 


T 


Complex  mineral  manure. 


Unmanured , 

Complex  mineral  manure 

>  Unmanured ? 

^™«^ {iS^^a;:; 

Barley  after  clover  more  than  after  barley . . 

1 .  Turnips 1 

2.  Barley    1      C  Unmanured 

3.  Clover  or  beans.  \  "\  Superphonphate  . . 

4.  Wheat J 


8  years,  1844-*51  . 
12  years,  1852-*63  . 
12  vears,  1864-'75  . 
24  years.  1852-'75  . 
32  years,  1844-'75  . 
12  years,  1832-*63  . 
12  years,  1884-*75  . 
24  years,  1852-'75  . 
12  years,  1852-'63  . 
12  years,  1864-*75  . 
24  years,  1862-75  . 
12  years,  1852-*63  . 
12  years,  18a4>'75  . 
24  yeai-s,  l862-*75  . 

8  years.  1845-'52  . 

3  years,  1853-*55  . 
15  years,  1856-'70*. 

6  years,  1871-'75  . 

5  yeai-8, 1870-'80  . 
36  yean*,  1845-*80  . 
12  years,  18t7-'58  . 
12  vearH.185»-'70». 
24  years,  1847-'70  . 
12  years,  1847-58  . 
12  yesrs,  l8:»»-'70«. 
24  years,  1847-70  . 
22  years,  1849-70*. 
22  years,  1849-70*. 

1  year,  1873 

1  year,  1873 

1  year,  1874 

1  year,1874 , 


28  years,  184»-75 
28  years,  1847-75 


trogeapsr 
acre  ps» 
asnani. 


asif 

i&i 

IfiLl 

air 

0.1 

17.1 
ftl 

at 
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l&l 
&t 
ISA 

a.4 
«tt 

i&l 
111 
if^i 
&9 
l&l 

lie 

ILt 
Hi 

».* 
45lS 

3QLi 
Al 

37.  S 

liLt 

ml 

«4 

mi 

3&I 


(1)  Thirteen  years'  crop,  two  years  failed.    (')  Nine  years'  beans,  one  year  wheat,  two  years' 
low.    (*)  6  years'^  clover,  1  year  wheat,  3  years'  barley,  12  years'  fiUlow. 

YIELD  OF  NITROaEN  IN  WHEAT  AND  BABLEY. 


The  first  series  of  results  relate  to  the  yield  of  uitrogeu  in  wheat 
grown  thirty-two  years  in  succession  on  the  land  without  manure.  B 
is  seen  that  over  the  first  eight  years  the  yield  was  25.2  pounds  of 
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nitrogeu  per  acre  per  auuuin,  over  the  next  twelve  years  22.C)  pouuds, 
and  over  the  last  twelve  of  the  32  years  only  15.9.  There  has  thus 
been  a  considerable  reduction  in  the  annual  yield  of  nitrogen  over  each 
succeeding  period  ;  and  for  the  third  period  of  twelve  years  the  aver- 
age is  less  than  two-thirds  as  much  as  for  the  first  period  of  eight 
years. 

Sxclnding  the  first  eight  years  of  the  growth  of  wheat,  the  average 
annaal  yield  of  nitrogen  over  the  next  twenty-fourycars  was  19.3  pounds 
per  acre  per  annum ;  and  the  table  shows  that  over  the  same  twenty- 
four  years,  barley  without  manure  yielded  18.3  pounds,  and  whilst  with 
the  w^heat  the  decline  in  yield  was  from  22.0  pounds  over  the  first 
twelve  of  the  twenty-four  years  to  15.9  over  the  second  twelve,  it  was 
with  the  barley  from  22.0  to  14.6  pounds,  or  almost  in  the  same  pro- 
portion. 

It  might  be  objected  that  here  the  evidence  is  not  conclusive  that  the 
falling  off  is  due  to  the  gradual  reduction  in  the  amount  of  nitrogen 
annually  available  from  the  soil.    But  the  results  with  the  two  crops, 
where  there  is  a  liberal  supply  of  mineral  constituents  every  year,  ex- 
clude the  supposition  that  the  decline  is  due  to  the  exhaustion  of  min- 
eral constituents.    Thus,  over  the  same  twenty-four  years,  with  a  com- 
plex mineral  manure,  such  as  is  very  effective  when  there  is  artificial 
supply  of  nitrogen  also,  theyield  of  nitrogen  in  the  wheat,  falls  oft*  from  27.0 
pounds  per  acre  per  annum  over  the  first  twelve  years,  to  17.2  pounds 
over  the  second  twelve  years ;  and  that  in  the  barley,  over  the  same 
two  periods,  from  26.0  to  18.8  pounds.   The  similarity  in  the  actual  yield, 
and  in  the  rate  of  decline  of  yield,  of  nitrogen  over  the  same  periods  in 
these  two  closely  allied  crops,  though  growing  in  different  fields,  and  with 
somewhat  different  previous  manurial  history,  is  very  striking.    The 
slightly  higher  yield  in  both  cases  with  than  without  the  mineral  man. 
are  is  doubtless  due  to  more  complete  utilization  of  the  previous  ac- 
camulations  within  the  soil,  and  not  to  increased  assimilation  from  at- 
mospheric sources. 

YIELD  OF  NITROGEN  IN  ROOT   CROPS. 

We  now  come  to  the  yield  of  nitrogen  by  plants  of  other  natural  fam- 
ilies, and  the  first  of  such  results  relate  to  the  so-called  "  root  crops" — 
turnips  of  the  natural  order  Cruciferje,  and  sugar-beet,  and  mangel- 
wurzel  of  the  order  Chenopodiaceee.  The  table  records  the  results  for 
thirty-six  years  in  succession,  1845-1880 ;  but  it  should  be  stated  that 
during  three  of  those  years  barley  was  interposed  without  any  manure 
in  order,  as  far  as  possible,  to  equalize  the  condition  of  the  land  before 
rearranging  the  manuring,  and  during  two  other  years  the  turnips  failed, 
and  there  was  no  crop.  It  should  be  further  explained,  that  without 
manure  of  any  kind  root  crops,  after  a  few  years,  give  scarcely  any  pro- 
7709 10 
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duce  at  all,  and  bence  the  results  recorded  are  those  obtained  by  the  use 
of  mineral  manures,  but  without  any  supply  of  nitrogen. 

During  the  first  eight  years  (four  years  Norfolk  whites  and  four  yeara 
Swedes)  the  turnips  gave  an  average  of  42  pounds  of  nitrogen  per  acre 
per  annum,  or  very  much  more  than  either  of  the  cereal  crops.  Daring 
the  next  three  years  bailey  yielded  24.3  pounds,  or  even  somewhat  less 
than  the  yield  in  wheat  or  barley  with  mineral  manures  in  the  earher 
years  of  their  continuous  growth.  During  the  next  fifteen  years  (thir- 
teen with  Swedisli  turnips  and  two  without  any  crop)  the  yield  was  re- 
duced to  18.5  pounds:  during  the  next  five  years,  with  sugar-beet,  to  ] 
18.1  pounds;  and  during  the  last  hye  years,  to  1S80  inclusive,  to  15.4 
pounds.  Lastly,  over  the  whole  thirty-six  years  the  average  annnal 
yield  of  nitrogen  was  25.2  pounds. 

Here,  then,  compared  with  wheat  or  barley,  we  have  with  the  root 
crops,  the  growth  of  which  extends  much  further  into  the  aatuinn 
months,  a  much  higher  annual  yield  of  nitrogen  in  the  earlier  years, 
and  with  this  a  much  more  rapid  rate  of  decline  subsequently,  the  an 
Bual  yield  over  the  last  ten  years  being  only  about  one-third  as  mnehi 
as  over  the  first  eight  years,  whilst  the  yield  in  the  later  years  is  actn 
ally  less  than  in  either  wheat  or  barley  with  the  same  complex  mineral 
manure.  Here,  again,  the  marked  decline  in  the  yield  of  nitrogen ,  with 
liberal  mineral  manuring,  points  to  a  deficiency  in  the  available  supply 
of  nitrogen  itself  as  the  cause  of  the  deficient  assimilation  of  it  by  the 
crop.  i 

It  may  here  be  observed  that  those  who  maintain  that  the  atmosphere  is  j 
An  important  source  of  the  nitrogen  of  our  crops  assume  that  the  rootj 
crops,  if  provided  with  a  small  quantity  of  nitrogenous  manure  to  favor  j 
the  early  development  of  the  plant,  will  obtain  the  remainder  from  the! 
atmosphere.  How  far  this  is  the  case  may  be  illustrated  by  the  fblloir-| 
ing  results,  which  are  the  average  of  five  years'  successive  growth  of  I 
mangel-wurzel  on  the  same  plots,  and  in  each  case  with  the  same  mannie  \ 
year  after  year. 

Table  II. — A  vtrage  produce  of  mangel-wurzel  Jive  yenrSy  1876 — 1880 


Roots.  Leaves. 


•  TOTU.  Owfs.  IblVIL  OmtL 

1 .  Superphosphate  of  liirn',  ami  sulphato  potassium 4       10  l           o 

2.  As  1,  and  36J pounds  ammonia  salts  (=7.8  pounds  N.) 6         0  1$ 

3.  As  1,  and  400  pounds  ammonia  salts  (=86  pounds  N.) 14         0  2         10 


Thus,  the  annual  application  of  about  7.8  pounds  of  nitrogeu,  as  am- 
monia salts,  has  increased  the  crop  of  roots  by  only  30  cwts.  per  acre 
per  annum,  and  the  increased  yield  of  nitrogen  in  the  crop  was  even 
somewhat  less  than  the  amount  supplied  in  the  manure.  An  appUca> 
tion  of  86  pounds  of  nitrogen  has,  however,  increased  the  crop  by  160 
cwts.  more.    It  is  obvious  from  these  facts  that  the  small  application  of 
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ttitTx>gen  dill  not  enable  tbe  plant  to  take  up  any  from  atmospheric 
aoiirces,  and  that  it  required  further  direct  supply  of  nitrogen  to  obtain 
fnrtlier  increase  of  crop.  These  results  obviously  aftbrd  confirmation 
of  tlie  view  that  it  was  a  reduction  of  the  available  supply  of  nitrogen 
ivitliin  the  soil  that  was  the  cause  in  the  decline  in  the  annual  yield  of 
the  crop  and  of  the  amount  of  nitrogen  contnined  in  it. 

YIELD   OF   NITROdEN    IN   LEGUMLNUVS   CROPS. 

We  next  come  to  the  eonsideraticm  of  the  yield  of  nitrogen  in  crops 
of  the  leguminous  family  when  tliese  are  grown  separately  year  after 
yea.r  on  the  samft  land.  Phints  of  this  family  are  said  to  rely  almost 
exolusively  on  atnn)spheric  sourees  for  their  nitrogen. 

Table  I  shows  that  without  manure  beans  gave  an  annual  yield  over 
tlie  first  tw<*lve  years  of  4S.I  pounds  of  nitrogen,  hut  over  the  second 
twelve  of  only  It.O  pounds.     Over  the  tirst  period,  therefore,  the  yield 
"was  about  twice  as  much  as  in  either  wheat  ov  barley,  and  more  even 
than  with  the  roots.     But  with  thisgrt^ater  yield  in  the  e.irlier  years  the 
re<luction  is  proiuu-tionally  much  greater  over  the  second  ]».'riod,  the  yield 
then  coming  down  to  less  than  one-third,  and  to  mucli  ilie  same  as  in 
the  later  periods  with  the  other  erops.     Over  the  wliole  period  of  twen- 
ty-four years,  however,  there  was  an  annual  yield  of  31. ">  pounds  of  ni- 
trogen, or  more  than  one  and  a  half  times  as  much  as  witii  either  wheat 
or  barley,  and  more  than  in  the  roots. 

It  was  seen  that  in  the  case  of  the  cereal  crops  the  mixed  manure  in- 
creased the  yield  of  nitrogen  but  little.     Not  so  in  the  case  of  the 
leguminous  crop,  beans.    During  the  tirst  twelve  years  the  complex 
mineral  manure  (containing  a  large  amount  of  potash)  yielded  61.5 
pounds  of  nitrogen  per  acre  per  annum  against  48.1  pounds  without 
manure.    During  the  next  twelve  years  the  mineral  manure  gave  29.5 
pounds  against  only  14.6  pounds  without  manure.     During  the  whole 
period  of  twenty rfour  years  the  potash  manure  yielded  45.5  pounds  of 
nitrogen  per  acre  per  annum   against  31.3  pounds  without  manure. 
Lastly,  with  the  mixed  mineral  manure  beans  have  yielded  over  a  pe- 
rio<l  of  twenty- four  years  more  than  twice  as  much  nitrogen  per  acre 
as  either  wheat  or  barley. 

But  notwithstanding  that  the  beans  have  for  a  long  series  of  years 
yielded  so  very  much  more  nitrogen  over  a  given  area  than  either  of 
the  gramineous  crops,  and  much  more  also  than  the  root  crops,  the  sig- 
nificant fact  cannot  fail  to  be  observed  that  this  crop  of  the  leguminous 
family,  which  is  supposed  to  rely  almost  exclusively  on  the  atmosphere 
for  its  nitrogen,  has  declined  in  yield  as  strikingly  as  the  other  crops, 
even  when  grown  by  a  complete  mineral  manure.  Why  should  this  be 
80  if  the  supply  of  nitrogen  is  from  the  atmosphere  and  not  from  the 

BOil? 

The  results  next  recorded  relate  to  red  clover,  and  the  period  of  ex- 
periment was  twenty-two  years.    It  is  well  known  that  on  most  soils  a 


148  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS.  ! 

I 

good  crop  of  clover  cannot  be  relied  upon  oftener  than  once  in  about  i 
eight  years,  and  on  many  soils  not  so  frequently.  It  will  not  excite 
surprise,  therefore,  tbat  in  the  course  of  the  twenty-two  years  of  expeii 
cnent,  in  only  six  was  any  crop  of  clover  obtained,  and  in  some  of  those 
only  poor  ones.  Indeed,  the  plant  faiU  d  nine  times  out  of  ten  daring 
the  winter  and  spring  succeeding  the  sowing  of  the  seed.  In  one  year 
a  crop  of  wheat,  and  in  three  jears  barley,  was  taken  instead;  whilrf 
in  the  remaining  twelve  years  the  land  was  left  fallow  after  the  failure 
of  the  clover.  Still  the  annual  yield  of  nitrogen  over  the  t^\enty-two 
years  was  30.5  pounds  without  any  manure,  and  39.8  pounds  by  a  com- 
plex mineral  manure  containing  potash.  Unfavorable  as  is  this  result 
in  an  agricultural  point  of  view,  it  is  still  seen  that  the  iuterpolatiouof 
this  leguminous  crop  has  greatly  increased  the  yield  of  nitrogen  com- 
pared with  that  in  either  wheat  or  barley  grown  continuously;  and 
here  again,  as  with  beans,  a  potash  manure  has  considerably  increased 
the  yield. 

The  next  experiment  affords  a  still  more  striking  illustration  of  tbe 
large  amount  of  nitrogen  that  may  be  taken  up  in  a  clover  crop;  and 
it  further  illustrates  the  fact,  well  known  in  agriculture,  that  the  re- 
moval of  this  highly. nitrogenous  leguminous  crop  is  one  of  the  best 
possible  preparations  for  the  growth  of  a  cereal  crop,  which  character- 
istically requires  nitrogenous  manuring.  A  field  which  had  grown  sii 
corn  crops  in  succession  by  artificial  manures  alone  was  then  divided, 
and  (in  1873)  on  one  half  barley  and  on  the  other  half  clover  was  grown. 
The  barley  yielded  37.3  pounds  of  nitrogen  per  acre,  but  the  three  cut- 
tings of  clover  yielded  151.3  pounds.  In  the  next  year  (1874)  barley 
was  grown  on  both  portions  of  the  field.  Where  barley  had  previously 
been  grown,  and  had  yielded  37.3  pounds  of  nitrogen  per  aci^e,  it  now 
yielded  39.1  pounds ;  but  where  the  clover  had  previously  been  grown, 
and  had  yielded  151.3  pounds  of  nitrogen,  the  barley  succeeding  it  gave 
69.4  pounds,  or  30.3  pounds  more  after  the  removal  of  151.3  pounds  in 
clover  than  after  the  removal  of  only  37.3  i^ounds  in  barlej'.  It  will  be 
seen  further  on  that  this  curious  result  was  not  in  any  way  accidental. 

[^yieldJof  nitrogen  by|a  rotation  of  crops. 

The  last  results  recorded  in  the  table  relate  to  the  yield  of  nitrogen 
in  an  ordinary  four-course  rotation  of  turnips,  barley,  clover  or  beans, 
and  wheat.  The  average  yield  per  annum  is  given  for  seven  courses, 
or  for  a  period  of  twenty -eight  years,  in  one  case  without  any  manure 
daring  the  whole  of  that  time,  and  in  the  other  with  superphosphate  of 
iime  alone,  applied  once  every  four  years,  that  is,  for  the  turnips  com- 
mencing each  course. 

Here  with  a  turnip  crop,  and  a  leguminous  crop,  interpolated  with 
two  cereal  crops,  we  have  without  manure  of  any  kind  an  average  of 
36.8  pounds  of  nitrogen  per  acre  per  annum,  or  very  much  more  than 
was  obtained  in  either  of  the  cereal  crops  grown  consecutively.    With 
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Bnperphospliate  of  lime  aloue,  which  much  increased  the  yield  of  nitro- 
gen in  the  turnips,  reduced  it  in  the  succeeding  bairley,  increased  it 
greatly  in  the  leguminous  crops,  and  slightly  in  the  wheat  succeeding 
them,  the  average  anniial  yield  of  nitrogen  is  increased  to  45.2  pounds^ 
or  to  about  double  that  obtained  in  either  wheat  or  barley  grown  con- 
secutively by  a  complete  mineral  manure.  On  this  point  it  may  be  fur- 
ther remarked  that  in  adjoining  experiments,  in  which,  instead  of  a 
leguminous  crop,  the  land  was  fallowed  in  the  third  year  of  each  course^ 
the  total  yield  of  nitrogen  in  the  rotation  was  very  much  less.  In  other 
words,  the  removal  of  the  most  highly  nitrogenous  crops  of  the  rotation — 
beans  or  clover — was  succeeded  by  a  growth  of  wheat,  and  an  assimila> 
tion  of  nitrogen  by  it,  almost  a«  great  as  when  it  succeeded  a  year  offal* 
low  ;  that  is,  a  period  of  aecumulation,  and  of  no  removal  by  crops. 

YIELD   OF  NITROGEN  IN  THE  HERBAGE  OF  GRASSLAND. 

Another  illustration  of  the  amounts  of  nitrogen  removed  from  a  givert 
area  of  land  by  different  descriptions  of  crop  will  be  found  in  Table 
III,  which  shows  the  results  obtained  when  plants  of  the  gramineous^ 
the  leguminous,  and  other  families  are  grown  together  in  the  mixed 
herbage  of  grass-land. 


Table  III. — Yield  of  niirogen  in  ikemixed  herbage  of  permanent  graee-land  at  Rothamated^ 


Conditions  of  manariog. 


AveTuge  produce   per  acre  ' 
per  annum,  twentv  years,  S 

1856-1875,  a c cord ing to     Average  nitrogen  per  acr» 
mean  per  cent.,  at  six  peri-  per  annum, 

ods,  1862,  '67,  '71,  '72,  74, 
75. 


5 


-\- 


3 ; 

4-1 

8 
7  ! 


tJnmanured 

Superpbosphate*  — 
Complex  min.  mau.t. 
Complex  min.  man.t- 


Grami- 
nese. 


Pounds. 
1,635 
1,671 
2,443 
2,679 


Legumi- 
nosa). 


Pounds. 
219 
140 
296 
806 


I 
Other  or- 
ders.    , 


Pounds. 
529 
673 
639 
573 


Ten 

years, 

1866-1865. 

Ten 

years, 

1866-1875. 

Pounds. 
35.1 
35.7 
54.4 
55.2 

Pouitds. 
30.9 
31.5 
38.1 
56.0 

Twenty- 
years, 
18^6-1875. 


Pourtds. 
33.0 
33.6 
46.3 
55.6 


*  Mean  of  foar  separations  ooly,  namely,  1862,  1867,  1872,  and  1875. 

t  Including  potass.,  six  years,  i85(H861 :  without  potass.,  fourteen  years,  1862-1875. 

;Io eluding  potass.,  twenty  years,  1856-1875. 

Before  referring  to  the  figures  attention  should  be  called  to  the  fact 
that  gramineous  crops,  grown  separately  on  arable  land,  such  as  wheats 
barley,  or  oats,  contain  a  comparatively  low  i)ercentage  of  nitrogen,  and 
assimilat'e  a  comparatively  small  amount  of  it  over  a  given  area.  Yet 
nitrogenous  manures  have  generally  a  very  striking  effect  in  increasing 
the  growth  of  such  crops.  The  highly  nitrogenous  leguminous  crops,  on 
the  other  hand,  such  as  beans  and  clover,  yield,  as  has  been  seen,  very 
mach  more  nitrogen  over  a  given  area ;  yet  they  are  by  no  means  char- 
acteristically benefited  by  nitrogenous  manuring,  whilst  their  growth 
is  considerably  increased,  and  the  yield  considerably  more  nitrogen  over 
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a  given  area,  under  the  inflaence  of  purely  mineral  manares,  and 
especially  of  potass,  manures.  Bearing  these  facts  in  mind,  the  resuUa 
given  in  the  table  will  be  seen  to  be  quite  consistent. 

The  first  three  columns  in  the  table  show  approximately  how  the 
mixed  herbage  was  made  up  under  the  four  diiierent  conditions  of  ma- 
nuring.   It  will  be  observed  that  without  manure,  and  with  super* 
phosphate  of  lime  alone,  the  amount  of  the  different  descriptions  of 
herbage  are  much  the  same.    Plot  8,  with  a  complex  mineral  manare 
including  potass,  the  first  six  years,  but  excluding  it  the  next  fourteeB 
years,  gave  a  considerable  increase  of  both  gramineous  and  legnmiDou^ 
herbage ;  whilst  plot  7,  with  a  complex  mineral  manure,  including  potass*, 
every  year  of  the  twenty,  there  is  a  still  further  increase  of  giaminioni 
herbage,  but  a  very  much  greater  i^ioportional  incicat'e  of  legumiiion* 
herbage.    It  will  be  observed  how  much   greater  is  the  increase  of 
gramineous  produce  by  the  application  of  purely  mineral  manures  to 
this  mixed  herbage  than  in  the  case  of  gramineous  crops  grown  sep- 
arately.   It  ivS  a  question  how  far  this  is  due  to  the  mineral  mauureB 
enabling  the  grasses  to  form  much  more  stem  and  seed,  that  is,  the  better 
to  manure,  which  in  fact  they  do,  or  how  far  to  an  increased  amount  of 
combined  nitrogen  in  a  condition  avail  able. for  the  grasses  in  the  ui)j>er 
layers  of  the  soil,  as  the  result  of  the  increfised  growth  of  the  Le^- 
uminosde  in  the  first  instance,  induced  by  the  potass,  manure,  as  in  the 
case  of  the  alternation  of  clover  and  barley,  and  as  in  the  actual  course 
of  rotation. 

To  turn  to  the  yield  of  nitrogen  on  thedifl:'erent  plots  of  the  mixed 
herbage,  it  will  be  seen  that  the  amounts  are  almost  identical  without 
manure,  and  with  superphosphate  of  lime  alone,  about  33  pounds  i>er 
acre  per  annum.  On  plot  8,  where  a  complex  mineral  manure,  includ- 
ing potass,  six  years,  but  excluding  potass,  fourteen  years,  was  employed, 
the  amount  is  raised  to  40.3  pounds,  and  on  plot  7,  which  received 
the  mixed  mineral  manure,  including  potass,  every  year  of  tbe  twen- 
ty, the  yield  is  55.(5  pounds  per  acre  per  annum.  Further,  without 
manure,  and  with  superphosphate  of  lime  alone,  there  was  a  decline  in 
the  yield  in  the  later,  compared  with  the  earli(»r  years ;  with  tbe  min- 
eral, manure,  including  potass,  only  in  the  first  six  years,  there  was  a 
much  more  marked  decline;  whilst  with  the  mineral  manure,  including 
potass,  every  year,  there  was  even  a  slight  tendency  to  an  iucrea^d 
yield  of  nitrogen  in  the  later  years. 

YIELD   OF   NlTROaEN   IN   MKLILOTUS   LEUCANTIIA. 

One  more  sinking  illustration  of  high  nitrogen  yield  by  a  plant  ot 
the  Leguminous  family  on  soil  which  had  not  received  any  nitrogenous 
manure  for  nearly  thirty  years  must  be  given.  In  1878,  the  land  uiK>n 
w^hich  atterni)ts  had  been  made  to  grow  red  clover  in  frequent  succes- 
sion since  1840,  was  devoted  to  experiments  with  fourteen  different  de- 
scriptions of  leguminous  plants;  so  that  the  present  season,  1882,  is 
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the  j&fth  year  of  the  experimeuts.  Tbe»object  was  to  ascertain  whether, 
among  a  selection  of  plants  all  of  the  Leguminous  family,  but  of  differ- 
ent habits  of  growth,  and  especially  of  different  character  and  range  of 
roots,  some  could  be  grown  successfully  for  a  longer  time,  and  would 
yield  more  produce,  containing  more  nitrogen  as  well  as  other  constitu- 
ents, than  others ;  all  being  supplied  with  the  same  descriptions  and 
quantities  of  manuring  substances,  applied  to  the  surface  soil.  Further, 
whether  the  success  in  some  cases  and  the  failure  in  others,  would  af- 
ford  additional  evidence  as  to  the  source  of  the  nitrogen  of  the  Legu- 
minos^  generally,  and  as  to  the  causes  of  the  failure  of  red  clover  in 
particular,  when  it  is  grown  too  frequently  on  the  same  land.  Fourteen 
different  descriptions  of  plants  were  selected,  and  after  two  or  three  im- 
material changes  the  list  now  includes  eight  species  or  varieties  of 
Trifolinmy  two  of  Medicaijo^  Melilotm  JevcanlhUy  IjoUis  corniculatm,  Vicia 
sativa,  and  Onobrychu  saliva: 

Of  the  numerous  species  or  varieties  of  Trifolium  all  gave  but  meager 
produce,  excepting  T.  incarnatnm.  The  Lotus  eorniculatm  also  gave 
very  small  produce.  The  two  species  of  Medicago^  the  black  MediolCj 
and  the  purple  Medick  or  I^ucerne,  and  the  Onobrychis^  or  common 
Sainfoin,  gave  much  more ;  the  Vicia  sativa  or  common  vetch,  more  still. 
But  of  all,  the  Melilotm  leucantha  or  Bokhara  clover  has  yielded  the 
most;  and  it  is  estimated  that,  taking  the  average  of  four  years, 
1878-'81,  it  has  yielded  more  than  100  pounds  of  nitrogen  per  acre  per 
annum,  on  the  plots  which  have  received  no  nitrogenous  manure  for* 
more  than  thirty  years ;  whilst  the  produce  of  the  fifth  season,  1882,  is 
heavier  than  either  of  the  preceding  years.  How  long  this  very  luxu- 
riant growth  and  this  very  hiojh  yield  of  nitrogen  per  acre  will  continue, 
is  a  question  of  very  great  interest.  On  this  point  it  may  be  observed 
that  io  parts  of  the  continent  of  Europe,  where  some  of  the  very  free- 
growing  and  deep-rooted  Leguminoste  are  cultivated,  it  is  usual  to  let 
them  grow  for  several  years,  after  which  they  cannot  be  repeated  for 
twenty  years  or  more.  We  shall  recur  to  the  results  above  quoted 
further  on. 

s 

NUMMARY   OF   YIELD   OF   NITROGEN    IN   CROPS. 

The  foi*egoing  facts  of  production,  showing  the  jield  of  nitrogen  in 
different  crops  grown  without  nitrogenous  manure,  generally  for  very 
many  years  in  succession  on  the  same  laud,  may  be  briefly  summed  up 
as  follows : 

The  average  jield  of  nitrogen  per  acre  per  annum,  was,  with  wheat, 
thirty-two  years  without  manure,  20.7  pounds,  and  twenty-four  years 
with  a  complex  mineral  manure,  22.1  pounds ;  with  barley,  twenty-four 
years  without  manure,  18.3  pounds,  and  twenty-four  years  with  a  com- 
plex mineral  manure,  22.4  pounds;  with  root-crops,  thirty -six  years  (in- 
cluding three  of  barley),  with  a  complex  mineral  manure,  25.2  pounds; 
with  beans,  twenty-four  years  without  manure,  31.3  pounds,  and  twenty- 
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four  years  with  a  complex  mineral  manure,  45.5;  with  clover,  six  crops 
in  twentj'^-two  years,  with  one  crop  of  wheat,  three  crops  barley,  and 
twelve  years  fallow,  without  manure,  30.5  pounds ;  with  complex  min- 
eral manure,  39.8  pounds;  with  clover  on  land  which  had  not  grown  the 
crop  for  very  many  years,  one  year,  151.3  pounds;  with  a  rotation  of 
crops,  seven  courses,  twenty-eight  years  without  manure,  36.8  pounds; 
with  superphosphate  of  lime,  45.2  pounds ;  with  the  mixed  herbage  of 
grass  land,  twenty  years  without  manure,  33  pounds,  and  with  com- 
plex mineral  manure,  including  potass,  55.6;  lastly,  with  Bokbam 
clover,  four  years,  with  mineral  manure,  more  than  100  pounds  of  nitro 
gen  per  acre  per  annum. 

The  root-crops  yielded  more  nitrogen  than  the  cereal  crops,  and  the 
leguminous  crops  very  much  more  still. 

In  all  the  cases  of  the  experiments  on  ordinary  arable  land-^  whether 
with  cereal  crops,  root  crops,  leguminous  crops,  or  a  rotation  of  crops  (ex- 
cepting as  yet  the  Bokhara  clover) — the  decline  in  the  annu<il  yield  of 
nitrogen^  none  being  supplied  by  manure,  was  very  great. 

SOURCES  OF  THE  NITROGEN  OF  CROPS. 

We  must  next  consider  whence  comes  the  nitrogen  of  the  crops,  and 
especially  whence  comes  the  much  larger  amount  taken  up  by  plants 
of  the  leguminous,  and  some  other  families,  than  by  the  gi*aminese. 
Lastlj',  what  is  the  significance  of  the  great  decline  in  the  yield  of  nito- 
gen  in  all  the  crops  grown  on  arable  land  when  none  is  supplied  in  the 
manure  ? 

COMBINED  NITROGEN  IN  RAIN,   ETC. 

It  has  been  assumed  by  some  that  the  amount  of  combined  nitrogen 
annually  coming  down  in  the  measured  aqueous  deposits  from  the  at- 
mosphere is  sufficient  for  all  the  requirements  of  annual  growth.  In 
Liebig's  earlier  writings  he  assumed  the  probability  of  a  very  much 
larger  quantity  of  ammonia  coming  down  in  rain  than  he  did  subse- 
quently ;  but  even  in  his  more  recent  work,  "  The  Natural  Laws  of 
Husbandry,"  published  in  1863,  he  supposes  that  as  much  as  24  pounds 
of  nitrogen  per  acre  may  be  annually  available  to  vegetation  from  that 
source.  Such  an  amount  would,  it  is  obvious,  do  much  towards  meet- 
ing  the  requirements  of  most  of  the  crops  the  nitrogen  statistics  of 
which  have  been  given. 

The  earliest  considerable  series  of  determinations  of  the  amount  of 
ammonia  coming  down  in  rain  in  the  open  country  were  b}^  Boussingault, 
in  Alsace.  He  gives  the  amount  of  ammonia  per  million  of  rain-water 
in  each  fall  for  a  period  of  between  five  and  six  months,  May-Octol^er* 
1852 ;  but  he  does  not  calculate  the  amount  so  coming  down  over  a 
given  area  of  land.  His  average  amount  per  million  was,  however^ 
somewhat  less  than  that  found  at  Rothamsted  in  1853  and  1854,  and 
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roxmcl  l)y  Mr.  Way  in  Rothamsted  rain- water  collected  in  1855  and  1856  ^ 
wliicli,  calculated  according  to  the  rain-fall  of  the  periods,  give  the  fol- 
lo'wing  amoants  of  nitrogen  so  coming  down  per  acre.  The  Amounts  of 
aitrogen  as  nitric  acid,  as  determined  by  Mr.  Way,  and  the  amount  of 
tota.1  combined  nitrogen  as  ammonia  and  nitric  acid  together,  are  also 


Table  IV. — Xitrogettj  as  ammoniay  and  nitric  acid,in  the  rain-fall  of  three  yearsj  at  Roth- 

amstedf  in  pounds  per  acre. 


Nitrogen  per  acre, 


I 
Tears.  Bainfall. 


Am^oni^!   ^.»Hc     To^M- 


IncheM.  Pounds.    |  Potmdg.    Pounds. 

1853-'5 29.014,  5.20,       (0.74)i            5.»4 

1855 29.166;  5.82          0.72'           6.68 

1856 27.215  7.28,        0.76              8.00 


Mean 28.465  |  6.10  i        0.74  6.84 


It  will  be  seen  that  according  to  these  results  an  average  of  6.8i 
pounds  was  contributed  per  acre  per  annum  in  the  rain  in  the  form  of 
ammonia  and  nitric  acid.    More  recently,  however,  Dr.  Frankland  has 
determined  the  amount  of  ammonia  and  nitric  acid  in  numerous  sam- 
ples of  rain  and  snow  water,  dew,  hoar  frost,  &c.,  collected  at  Eotham- 
Bted  from  April,  1869,  to  May,  1870,  inclusive;  and  the  average  amount  of 
ammonia  per  million  of  water  found  by  him  is  considerably  lower  than  the^ 
earlier  determinations  show.    More  recently  still  the  ammonia  has  been 
determined  in  the  Rothamsted  laboratory,  in  the  rain  of  each  day  sepa- 
rately (if  any),  for  a  period  of  six  months,  July-December,  1881 ;  also  in 
tbe  proportionally  mixed  rain  for  each  month,  for  a  period  of  thirteen 
months,  June,  1881,  to  June,  1882.    The  average  proportion  of  ammo- 
nia in  these  most  recent  determinations  accords  with  the  results  of 
Prankland,  and  point  to  a  smaller  amount  of  total  combined  nitrogen 
supplied  per  acre  in  the  average  annual  rain-fall  at  Eothamsted  than 
that  recorded  in  the  table ;  probablj^,  indeed,  to  not  more  than  four  or 
five  pounds  of  total  combined  nitrogen  per  acre  per  annum. 

Dr.  R.  Angus  Smith,  in  his  work  entitled  "Air  and  Rain  the  Begin- 
nings of  a  Chemical  Climatology,"  1872,  gives  the  results  of  numerous 
analyses  of  rain- water  collected  both  in  country  and  town  districts- 
in  the  United  Kingdom.  The  amounts  of  ammonia  and  nitric  acid  in 
the  rain  vary  exceedingly,  according  to  locality ;  but  the  amounts  in 
the  rain  of  country  places  accords  generally  with  those  found  in  the 
Rothamsted  rain-fall. 

The  following  table  summarizes  theresults  of  numerous  determinations 
made  at  various  stations  on  the  continent  of  Europe,  in  each  case  ex* 
tending  over  a  whole  year : 
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Table  5. — Nitrogen  as   ammonia   and  nitric  acid  in    the  rain   of  variant   loealiiin 

Europe. 

[Qaantitiea  in  pounds  per  acre  per  annam.l 


Localities. 


Years.     Rain-fall. 


Nitroffen  as— 


Ammonia.    ^^^     T, 


Kuschen '  1864-'65 

Do 1866-'66 

Inaterburg 1804-65 

Do :  1865-'66 

Dahme 1 86.5 

Regenwalde 18G4-'C5 

Do 1805-'66 

Do 186f>-'67 

Ida-'Marienhiitte ;  mean  six  years 1865-70 

Proakaw 1864-C') 

Florence 1870 

Do 1871 

Do 1872 

Vallombrosa 1 872 

Hont«oari8,  Paris 1877-78 

Do 1^78-79 

Do 1879-'80 

Mean,  twent v-two  years 


Inches. 
11.85 
17.70 
27.  55 
23. 79 
17.09 
23. 4.H 
19.31 
25.  .37 

22.  65 
17.81 
^6.  55 
42.48 
50.82 
79.83 

23.  62 
25. 79 
15.70 

27.  03 


PotttuU. 
1.44 
1.83 
3.  55 
4.14 
5.50 

10.  82 
8.27 

13.20 


Powids 
0.42 
0.67 
1.94 
2.67 
1.16 
4.27 
2.11 
3.24 


,r^ 


13.58 
9.71 
7.78 
9.50 
7.65 

10.25 
7.05 
4.83 


-I- 


7.33 
3.65 
2.11 
3.01 
•2.73 
1.29 
4.11 
5.h9 


3. 
C 

li 
]«L 
11 

1 
31 
13. 

ft 
U 

It: 

IL 
IL 

1&3 


Ik9 


—      — ,_ 


It  is  seeii  that  the  numerous  very  widely  varying  determiuatious.  son* 
made  in  the  vicinity  of  towns  and  some  in  the  open  country,  give  •• 
mean  of  10.23  pounds  of  combined  nitrogen  annually  supplied  pex  acre 
by  rain  with  a  mean  raiufall  of  27.03  inches.    Making  all  allowance  fori 
far  inland  open  country  positions  on  the  one  hand  and  for.  proximiuto; 
towns  on  the  other,  the  veiy  small  amounts  of  combined  nitrogen  soj 
supplied  per  acre  in  some  of  the  cases  and  the  comparatively  large 
quantities  in  others  seem  difficult  to  explain  or  to  reconcile,  either  with 
one  another  or  with  the  results  of  Boussingault  and  of  Kothamsted. 
When,  however,  the  comparatively  limited  aud  uniform  amounts  re- 
<K)rded  for  Montsouris,  within  the  walls  of  Paris,  are  considered,  11.54 
pounds,  ll.lG  pounds,  and  10.52  pounds  ])er  acre  per  annum,  it  will  not 
excite  surprise  that  we  should  estimate  the  amount  of  combined  nitro- 
gen coming  down  in  the  measured  aqueous  dei)Osits  from  the  atmospliei^e 
at  i)robably  not  more  than  5  pounds  i)er  acre  per  annum  in  the  oi>en 
<50untry  at  Kothamsted. 

With  records  of  the  amounts  of  combined  nitrogen  contributed  tea 
given  area  in  rain,  we  come  to  an  end  of  all  quautit«ative  evidence  as  to 
the  amount  of  combined  nitrogen  available  to  the  vegetation  of  a  given 
area  from  atmospheric  sources.  It  will  be  seen  how  entirely  inadequate 
is  the  amount  i)robably  so  available  to  supply  the  quantities  yieldetl  in 
different  crops  without  nitrogenous  manure,  as  recorded  in  the  table. 

It  is  true  that  the  minor  aqueous  deposits  from  the  atmosphere  are 
much  richer  in  combined  nitrogen  than  rain,  and  there  can  be  no  doubt 
that  there  would  be  more  deposited  within  the  pores  of  a  given  area  of 
4Soil  than  on  an  equal  area  of  the  porous  even  surface  of  a  rain  gauge. 
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How  inach,  however,  of  tliis  mi^lit  be  available  beyond  tbat  determined 
in  the  collected  aqueous  deposits,  existing  evidence  does  not  afford  the 
ineaus  of  estimatinpr  with  certainty. 

OTHER    SUPPOSED   SOI^RCES   OF   COMBINED   NITROOEN. 

Further,  it  has  beeft  argued  that,  in  the  last  stages  of  the  deconipo- 
aitiou  of  organic  matter  in  the  soil,  hydrogen  is  evolved,  and  that  this 
nascent  hydrogen  combines  with  the  free  nitrogen  of  the  atmosphere, 
and  so  forms  ammonia.  Again,  it  has  been  suggested  that  ozone  may 
be  evolved  in  the  oxidation  of  organic  matter  in  the  soil,  and  that, 
uniting  with  free  nitrogen,  nitric  acid  would  be  produced. 

liVe  have  discussed  these  various  possible  supplies  of  combined  nitro- 
gen to  the  soil  from  atmosi)heric  sources  on  more  than  one  occasion ;  and 
we  have  given  our  reasons  for  concluding  that  none  of  them  can  be 
taken  as  accounting  for  the  facts  of  growth.  Incidentally,  some  evi- 
dence will  be  given  further  on,  confirming  the  conclusion  that  any  such 
supplies  are  limited  and  inadequate. 

But,  if  the  sui)plies  from  the  atmosphere  to  the  soil  itself  are  inade- 
quate, how  about  the  llirect  sui)plies  from  the  atmosphere  to  the  plant  ? 
One  view  which  has  been  advocated  is,  that  broad-leaved  i)lants  have 
the  power  of  taking  up  combined  nitrogen  from  the  atmosphere,  in  a 
manner  or  in  a  degree  not  possessed  by  the  narrow  leaved  gramineous 
plants.    The  only  experiments  that  we  are  aware  of  made  to  determine 
whether  plants  can  take  up  nitrogen  by  their  leaves  from  ammonia  sup- 
plied to  them  in  the  ambient  atmosphere  are  those  of  Adolph  Mayer  in 
Oermany,  and  of  Schlossing  in  France.    Both  found  that  very  small  quan- 
tities of  nitrogen  were  so  taken  up;  but  both  concluded  that  the  action 
takes  place  in  very  immaterial  degree  in  natural  vegetation.     We  have 
elsewhere  shown  that  not  only  a  consideration  of  the  chemistry  and  the 
physics  of  the  subject  would  lead  to  the  conclusion  that  the  plants 
which  assimilate  more  nitrogen  over  a  given  area  than  others  do  not 
do  so  by  virtue  of  a  greater  power  of  absorbing  already  combined  ni- 
trogen from  the  atmosphere  by  their  leaves.    But,  apart  from  such  con- 
siderations, our  statistics  of  nitrogen  production  seem  to  i)reclude  the 
idea  that  the  broad-leaved  root  crops,  turnips,  and  the  like,  to  which 
the  function  has  with  the  most  confidence  been  attributed,  take  up  any 
material  proportion  of  their  nitrogen  by  their  leaves  from  combined 
nitrogen  in  the   atmospliere.     We  need  only  here  recall  attention  to 
the  fact  that  the  yield  of  nitrogen  in  these  crops,  even  with  the  aid  of  a 
complex  mineral  manure,  was  in  the  later  years    reduced  to  as  low  a 
point  as  in  the  case  of  the  narrow-leaved  cereals. 

DO   PLANTS   ASSIMILATE    FREE   NITROGEN  f 

The  question  still  remains  whether  plants  assimilate  the  free  nitrogen 
of  the  atmosphere,  and  whether  some  descriptions  do  so  in  a  much 
greater  degree  than  others.  It  is  freely  admitted  that  if  this  were  es- 
tablished raanv  of  our  ditliculties  would  vanish. 
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This  question  has  been  the  subject  of  a  gteat  deal  of  experimenta] 
iuquiry,  since  the  time  that  Boussingault  entered  upon  it  aboat  the 
year  1837 ;  and  more  than  twenty  years  ago  it  wslb  elaborately  investi- 
gated at  Eothamsted. 

We  will  here  give  a  summary  of  the  very  conflicting  results  which 
have  been  published  in  reference  to  this  subject  of  the  assimilation  of 
the  free  nitrogen  of  the  atmosphere  by  plants,  confining  attention  for 
want  of  space  to  the  three  most  comprehensive  series  of  experiments 
which  have  been  undertaken  relating  to  it. 

Though  not  the  first  in  point  of  date,  we  will  first  refer  to  the  ex- 
periments of  M.  G.  Yille,  the  results  of  which  led  him  to  conclude  that 
plants  do  assimilate  the  free  nitrogen  of  the  air — a  view  of  which  he 
has  been  the  archapostle  for  many  years,  and  upon  which  he  may  be 
said  to  have  founded  a  svstem  in  his  work  on  "  Artificial  Manures." 

From  1849  to  1856,  M.  G.  Ville  made  numerous  experiments  on  this 
subject.  The  following  table  (V)  gives  a  summary  of  hisresults,  and 
shows  the  special  conditions  of  each  separate  series  of  experiments: 

Table  V. — Jiesidts  of  M,  G,  Tillers  experiments  to  determine  whether  plants  assimilate  free 

nitrogen. 


Nitrogen,  grains. 


Plots. 


•3S 

_  eB  ••4 
P 


1849.    Current  of  nnwashed  air  supplying  0.001  grams  nitro-  ' 
gen  as  ammonia:  (') 

Cress 0.0260 

Large  Inpins '  0.0640 

Small  lupins '  0.  0640 

I  0.1550  I 

1860.    Current  of  unwashed  air  supplying  0.0017  grams  nitro-  ' 
gen  as  ammonia :  (>)  i  i 

Colza  (plants) 0.0260  ; 

Wheat i  0.0160 

Rye I  0.0130 

Maize !  0.0290  j 

'  0.0857  '" 

' -I- 

1851.  Current  of  washed  air :  (') 

Sunflower i  0.  0050 

Tobacco '  0.0040  , 

Tobacco , ,  0.0040  ' 

1852.  Current  of  wSshed  air:  (»)  ' 

Autumn  colza 0.0480  , 

Springwheat i  0.0290  , 

Sunrtower 0. 0160 

Summer  colza ■  0. 1730 

Summer  colza 0.1050 

1854.    CuiTcnt  of  washed  air  (under   saperintendencc  of  a 
commiisiou) : 

Cress 0.0099 

Cress 0.0038 

Cress '  0.0039 

1854.    Current  of  washed  air  (closed  under  superintendence 
of  a  commisHion) :  (*) 

OKechorches  Experimentates  sur  la  Vegetation,  par  M.  Georges  Ville, 
(')Compt.  rend. :  1855. 


5 

P 


u 
O 

a 


0. 1470  >   0. 1210 
0.0640    0.0000 


0.0470 


—0.  0170 


0. 25^0    0. 1030 


1.0700 
0. 0310 
0. 0370 
0.1280 


1.2660 


1.0440 
0.0150 
0.0240 
0.0990 


1.1803 


0. 1570 
0.1750  , 
0. 1620 

0.2260 
0.0650  I 
0. 4080 
0.  5950  *, 
0.7010 


0.0097 
0.  0530 
0.  0110 


Paris,  1853. 


0. 1520 
0. 1710 
0.1580 

0. 1780 
0.0360 
0.39-20 
0. 4220 
0.59G0 


-0.0002 
0.  0492 
0.  0071 


p 

Hi 


5Lf 

LO 

flL7 


L7 


41.1 
l.» 
2.8 
4.4 


14.8 


31.4 
43.T 
4a  S 

4.7 
12 
25.5 
8.4 
6.7 


13. » 
2. 
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Nitrogen,  grams. 


Plots. 


Cress 

IB55  and  1856.    In  pure  air,  with  0.5  gram  nitre  =  0.009  ni 
kofren:  (>) 

Colza 

Colaa 

Colza 

IS55  and  1856.    In  free  air,  witti  i  gram  nitre  =  0.138  nitit) 
gen :  (') 

Cola 

Colza 

Colza '- 

Colaa 

IS6.    In  free  air,  with  0.792  gram  nitre  =  0.110  nitrogen 

Wheat 

Wheat 

IflSS.    In  free  air,  with  1.72  grams  nitre  =  0.238  nitrogen :  (>)  , 

Wheat 

1156.    In  free  air,  with  1.765  grams  nitre  ~  0.244  uitroge  :  (>)  | 

Wheat 

Wheat 


(>) 


s 
•«  a 


0.0063  I 


0.  0700 
0.0700 
0.0700 


0. 1400 
0.1400 
0. 1400 
0. 1400 

0.1260 
0.1260 


c 
c 
P. 


it 

9 


■d-d 

2| 


0.0350 


(«)0.  0700 
(»)  0.0660 
(«)0.  0680 


(»)0. 1970 
(»)0.  3740 
(«)0.  2160 
(»)0.  2500 

(«)0. 2180 
(«)0.  2240 


0.0  87 


0.0000 
—0.  0040 
—0.  0020 


0. 0570 
0.2340 
0.  0760 
0. 1100 

0.  0920 
0.  0980 


0.  2590         («)0.  3080         0.  0490 


0.2650 
0.  2650 


(»)0.  2170 
(«)0.  3500 


—0.  0480 
-^(1.  0850 


5.6 


1.0 
0.9 
1.0 


1.41 
2.67 
1.54 

1.79 

1.7 
1.8 

1.2 

0.8 
1.3 


CiRecherchca  Experimentales  siir  la  V6g4tation,  1857. 
Ola  plant«i  only. 

These  results,  as  well  as  those  of  others,  we  have  fully  discussed  else- 
where (Phil.  Trans.,  1859,  and  Jour.  Chem.  Soc,  vol.  xvi,  1863),  and 
we  can  only  very  briefly  refer  to  them  in  this  place. 

The  column  of  actual  gain  or  loss,  shows  in  one  case,  with  colza,  a  gain 
of  more  than  1  gram  of  nitrogen;  and  the  amount  in  the  products  is 
more  than  forty-one  times  as  much  as  that  supplied  as  combined  nitrogen 
in  the  seed  and  air.  The  results  with  wheat,  rye,  or  maize  showed  very 
anch  less  of  both  actual  and  proportional  gain.  Experiments  with 
ianflower  showed  in  one  case  thirty  fold,  and  with  tobacco  in  two  cases 
more  than  forty  fold,  as  much  in  the  products  as  was  supplied.  It  will 
te  observed,  however,  that  itpou  the  whole  M.  G.  Ville's  later  experi- 
^eats  showed  considerably  less  both  actual  and  proportional  gain  than 
piis  earlier  ones. 

M.  G.  ViUe  in  some  cases  attributed  the  gain  to  the  large  leaf  surface, 
explanation  of  the  assimilation  of  free  nitrogen  by  plants,  he  calls 
rfttteDtion  to  the  fact  that  nascent  hydrogen  is  said  to  give  ammonia, 
^d nascent  oxygen  nitric  acid,  with  free  nitrogen,  and  he  asks:  Why 
Bhould  not  the  nitrogen  in  the  juices  of  the  plant  combine  with  the  nascent 
carbon  and  oxygen  in  the  leaves  !  He  refers  to  the  supposition  of  M. 
De  Laca,  that  the  nitrogen  of  the  air  combines  with  the  nascent  oxygen 
.given  off  by  the  leaves  of  plants,  and  to  the  fact  that  the  juice  of  some 
plants  (mushrooms)  has  been  observed  to  ozonize  the  oxygen  of  the  air, 
^M  he  asks:  Is  it  not  probable,  then,  that  the  nitrogen  dissolved  in  the 
luices  will  submit  to  the  action  of  the  ozonized  oxygen  with  which  it  is 
mixed,  when  we  bear  in  mind  that  the  juices  contain  alkalies,  and  pene- 
•trate  tissues,  the  porosity  of  which  exceeds  that  of  spongy  platinum! 
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The  following  table  (VI)  summarizes  the  results  of  M.  Boussinganlt. 
His  experiments  on  the  subject  commenced  in  1837,  and  were  coDtinaedl 
at  intervals  up  to  1858.    The  conditions  of  each  set  of  experiments  as  i 
to  soil,  air.  or  application  of  manurial  substances,  ai^  given  in  the  tables! 

Table  VI. — liesuli'i  of  M.  BonsaingauU'a  ejcperimenis  to  determ'me  whether  plauU  asfim- 

late  free  nitrogen. 

Niti-ogen.  grams.  5 


PlillHti. 


5-^ 
-*>   . 

a  i, 

o  = 

•n  -  . 
^.  a  a 


a 


1837.  liunit  Moil,  diHtilled  "water,  free  air  in  closed  .'•ummer 
bouse  :  (') 

Trefoil ,  0. 1100 

Trefoil '  0.11-10 

Wheat I  0.0430 

Wheat ,  0.0570 

1838.  Conditions  aa  iu  1837  :  (*)  ' 

TeaH 0.0460 

Trefoil  (plant.s ) 0.  0330 

Oata  (plautH) .  0.  0590 

1851  and  I80I*.  Washed  and  i^rnited  pumice  with  a«hes.  dis- 
tilled water,  limited  air,  under  glaf*>»  shade,  with  carbonic 
aeid  :  (8) 

Haricot,  1k>1 0.0340 

0at8.  1851 0.  0078 

Haricot,  1852 0.  0210 

Haricot.  1  H.TJ 0.  0245 

Oats,  1862 0.0031 

1853.  Prepared  pnmice,  or  barnt  brick,  with  ashes;  diBti^ed 
water,  limited  air,  in  glaas  globe,  with  carbonic  acid :  i^) 

Whit©  lupin 0. 048<l 

W  hite  lupin 0. 1 282 

White  lupin 0.0349 

White  lupin 0.  0200 

White  lupin  0.0399 

Dwarf  haricot 0. 0354 

Dwarf  haricot 0. 0298 

Oarden  cress 0.  0013 

White  Inpin 0.1827 

18M.  Prepared  pamice  with  ashes,  distilled  water,  current  of 
washeil  air.  and  carbonic  acid,  in  glazed  case :  (^) 

Lupin .  0.  01 96 

Dwarf  haricot 0.0322 

Dwarf  h arico t 0. 0335 

Dwarf  haricot 0. 0839 

Dwarf  haricot 0.0676 

Lupin 0.0180 

Lupin I  0. 0175 

Cress 0.0046 

1851,  '52,  '53,  and  '54.  Prepared  soil,  or  pumice  with  ashes ;  dis- 
tilled water,  free  air,  under  glazed  case :  (*) 

Haricot  (dwarf) ,  1851 0. 0349 

Haricot,  1853 i 0. 0213 

Haricot,  1853       0.0293 

Haricot  (dwarf),  1854 0.0318 

Lupin  (white),  1853 0.0214 

Lu  pin ,  1 854 0. 0199 

Lupin,  1854 0.0367 

Gate,  1852 0.0031 

Wheat,  1853 0.0064 

Garden  cress.  1854  0.0259 

1858.    Nitrate  of  potassium  as  manure :  (') 

Heli.nth„. i  <:)»:»^ 


0. 1200 

+0. 0100 

l.« 

0.1560 

+  0.0420 

1.S 

0.  0400 

— O.O030 

OS 

0.  0600 

-}-0.0030 

m 

O.IOIO 

40.  05150 

2.» 

0.  0560 

-1-0.0230 

171 

0.  0530 

—0.0060 

flltt 

0. 0340 

—0.0009 

em 

0.0007 

—0.0011 

fi.3l 

0.0189 

—0. 0021 

d.» 

0. 0226 

—0.  0l>19 

0.0 

0.  0030 

—0.0001 

0« 

0.0483 

+0.0003 

1.W 

0. 1246 

— 0.0036 

fltSI 

0.  0339 

—0.0010 

o.« 

0.  0204 

+  0.0004 

i.e 

0.  0397 

—0.0002 

L» 

0.0360 

4-0.0006  1 

LC 

0.  0277 

—0. 0021  : 

i» 

0.  0013 

0.0000 

l.» 

0.1697 

—0.0130 

a» 

0.  0187 

—0.0009 

o.« 

0.  0325 

+O.O0O3 

Ltt 

0.  0341 

4-0.0006  , 

IM 

0.  0329 

—0.0010 

OiK 

0.0666 

—0.0010 

fli» 

1 0.  0334 
0.0062 

—0.0021 

AM 

—0.  0006  1 

LlJ 

0.  0380 

+  0.0031 

LU 

0.0238 

+0.0025 

l.tt 

0.0270 

—0.  0023  , 

9.n 

0.0350 

+  0.0032 

L» 

0.0266 

+0.0042 

l.M 

0.0229 

+  aoo30 

LIS 

0.0387 

+  0.0020 

l.» 

0.0041 

+0.  0010  1 

L» 

0.0075 

+0. 0011  i 

LIT 

0.0272 

+0.0013 ; 

L» 

0. 0130 

—0.0014 

«.!• 

0.  0245 

—0.0010 

an 

(>)Ann.  Ch.  Phys.  [2],  Ixvii  (1838). 
(»)Ibid,  liix. 

(»)Ann.  Ch.  Phys.  [3].  xll  (1854). 
(*)Ann.   Ch.  Phys.  Ser!  [3],  xliii  (1855). 
(•)Compt.  rend.,  xlvii  (1858). 
(•)Nitrogen  in  seed  and  nitTat4*. 
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The  last  two  columns  of  the  table  (  )  show  the  actual  and  propor- 
tional  ^in  or  loss  of  uitrogen  in  M.  Bi)assin|^ault's  experiments.  It 
jrill  be  seen  that  in  his  earlier  experiments,  those  in  free  air  in  a  sum- 
ner  house,  the  leguminous  plants,  trefoil  and  peas,  did  in<licate  a  nota- 
:>le  i^aiu  of  nitrogen  ;  but  in  all  his  subsequent  experiments  there  was 
generally  either  a  slight  loss,  or,  if  a  gain,  it  was  represented  in  only, 
fractions  or  low  units  of  milligrams.  After  twenty  years  of  varied  and 
laborious  investigation  of  the  subject,  M.  Boussingault  concluded  that 
plauts  have  not  the  i)ower  of  assimilating  the  free  nitrogen  of  the  at- 
mosphere. And  in  a  letter  received  from  him  as  recently  as  1876,  after 
discussing  several  aspet»ts  of  the  question,  he  says  : 

If  there  is  one  fact  i>eiiVctly  (l«'nion8trat«Ml  iu  phyMifjlogy,  it  is  tliis  of  the  non-as- 
Birailation  of  free  nitrog<»n  by  plants;  and  I  may  add  >»y  plants  of  an  infi-rior  order, 
Bocb  as  micoderms  and  mudhroonis. — (Translation.) 

Our  own  exi>eriments  on  this  subject  were  commenced  in  18i57,  and  a 
jonug  American  chemist,  the  late  Dr.  Pugh,  of  the  Pennsylvania  State 
Agrricultural  College,  devoted  between  two  and  three  years  to  the  in- 
vestigation at  Rothamsted.  The  conditions  of  the  experiments  and  the 
results  obtained  up  to  that  date  are  fully  described  in  the  papers  in 
the  Philosophical  Transactions  for  1850  and  in  the  Jouriml  of  the 
Chemical  Society,  in  18()3,  already  referred  to.  Table  VII  summarizes 
the  results  obtained. 

Tablk  VII. — Ii€9ult€ of  crpaivients  made  at  liothatnsfed  to dehrmine  \rh( ther plants (uttimi-. 

la  ft  free  nitrotjen. 

With  no  couibiDoil  uitro^^eu  supplied  bf-yoDd  that  in  the  need  nowu. 


1 


KitrogCD,  grains.  ^ 

S«    !    «?  S         -g 

^§  2       I    P 


It    '    "S 


a 


'^ 


QRAMINB^. 
1857  : 

Wheat 0.0080     0.0072     —0.0008.        O.Wy 

Barley 0.0056     0.0072     +0.0016'        LU 

Do 0.0056     0.  0082  ,  -fO.  0026  1.4«^ 

lfi68:  '  ' 

Wheat ,  0.0078  [  0.0081  I  4-0.0003 

Barlev •  0.0057  |  0.0058     -H.OOOl 

Oat« ,  0.0063     0.0056     —0.0007 

1858.  A 1:  '  > 

Wheat 0.0078     0.0078  '      0.0000,        1.  O^ 

Oate 0.0064     0.0063     —0.0001  I        O.Oft 


1.04 
1.03 
0.8» 


0.9» 


LBGUM1K0&.S. 

1857: 
Beans 0.0796  ,  0.0791  '  —0.0005 

1858:  I  I 

Beans ,  0.0750     0.0757     -f0.0007  1.01 

Pease I  0.0188     0.6167  ;  —0.0021  i       0.8» 

I  '  I 

OTHER  PLANTS.  | 

1858:  I 

Buckwheat 0.0206     0. 0182  i —0. 0018  '       O.n 
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Table  VII — Continued. 
With  combined  nitrogen  supplied  beyond  tbat  in  tbe  seed  aown. 


yitro^en,  gramA. 


. . ^t 

>»  fi.  ft 

s?  «-  <e  '-'  a  t£. 


GUAHINEA. 
1867: 

Wheat 0.0329     0.0383     +0.0054  Lit 

Do 0,  0329  '  0.  0331     +0.0002  l.« 

Barley 0.0326     0.0328     +0.0002  Lll 

Do 0.0268     0.0337     +0.00«9  L» 

1858: 

Wheat ;  0.0548 

Barley 0.0496 

Oata 0.0312 

1858,A1: 

Wheat 0.0268 

Barley 0.0257  !  0.0242     —^.0015  9.H 

Oats 0.0260     0.0198     —0.0062  CW 


0.0536     -0.0012  att 

0. 0464     — 0. 0032  &  M  i 

0.  0216     —0. 0096  Ol  fl ! 

I 
0.0274     +0.0006  L' 


LRGUMIK  0S£. 
1S58  : 

Peaee , 0.0227     0. 0211  ; —0. 0016  O.ll 

Clover 0.0712     0.0665     —0.0047  €Ltt 

1858  Jl.  1 : 

Beans.! 0.0711     0.0655—0.0056  CLIB 

I 

OTHEB  PLANTS.  ; 

1868:  < 

Buckwheat 0.0308     0.0292  ' —0.0O16  O.Sf 


A  1.  These  experiments  were  conducted  in  the  apparatus  of  M.  G.  Yille. 

The  upper  part  of  the  table  shows  the  results  obtained  iu  the  expeiv , 
ment  in  which  no  combined  nitrogen  was  supplied  beyond  that  con- 1 
tained  in  the  seed  sown.  The  growth  was  iu  all  cases  extremely  re-  j 
fitricted,  and  the  figures  show  that  there  was  in  no  case,  whether  of' 
graminea),  leguminosae,  or  buckwheat,  a  gain  Indicated  by  as  much  as ' 
three  milligrams  of  nitrogen.  There  was  in  most  cases  much  less  gain 
or  a  slight  loss. 

^  The  lower  part  of  the  table  shows  the  results  obtained  when  the  plants 
were  supplied  with  known  quantities  of  combined  nitrogen  in  the  form  of 
£L  solution  of  ammonium  sulphate  applied  to  the  soil.  The  actual  ^ins 
or  losses  range  a  little  higher  in  these  experiments,  with  larger  qnan* 
titles  of  nitrogen  involved  5  but  they  are  always  represented  by  anits 
of  milligrams  only,  and  the  losses  are  higher  than  the  gains.  Further^ 
the  gains,  such  as  they  are,  are  all  in  the  experiments  with  the  gram* 
inesB,  whilst  there  is  in  each  case  a  loss  with  the  leguminosad  and  the 
buckwheat. 

It  should  be  stated  that  the  growth  was  far  more  healthy  with  the 
graminesB  than  with  the  leguminossB,  which  are  even  in  the  open  field 
very  susceptible  to  vicissitudes  of  heat  and  moisture,  and  were  ^pe* 
daily  so  when  inclosed  under  glass  shades.  It  might  be  objected,  there* 
forC;  that  the  negative  results  with  the  leguminosa3  are  not  so  concla* 
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sive  as  those  with  the  gramineae.  Nevertheless,  we  do  not  hesitate  to 
conclude  from  our  own  experiments,  as  Boiissingault  did  from  his,  that 
the  evidence  is  strongly  against  the  supposition  that  either  the  gram- 
inese  or  the  leguminosje  assimilate  the  free  nitrogen  of  the  atmosphere. 

RECAPITULATION. 

In  the  foregoing  resume  of  mostly  previously  recorded  fact,  we  have 
«bown  the  amount  of  nitrogen  assimilated  by  various  croi)s  over  a  giv^eu 
area  when  grown  for  many  years  in  succession  on  the  same  land  with- 
-out  any  nitrogenous  manure;  that  is,  under  conditions  in  which  the 
eoarce  of  the  nitrogen  is  as  little  as  possible  obscured  by  the  influence 
of  indefinite  amounts  available  from  manure.    It  has  been  shown  that 
the  determined  amounts  of  combined  nitrogen  annually  coming  down  in 
the  measured  aqueous  deposits  from  the  atmosphere  in  the  open  country 
are  entirely  insufficient  to  do  more  than  supply  a  small  proportion  of  the 
nitrogen  assimilated  by  crops  so  grown.    With  regard  to  other  possible 
supplies  of  already  combined  nitrogen  from  the  atmosphere  to  the  soil, 
it  has  been  pointed  out  that  there  is  no  quantitative  evidence  whatever 
at  command,  and  that  such  evidence  as  does  exist  leads  to  the  couclu- 
fiion  that  such  supplies  are  very  limited  and  inadequate.    The  same 
may  be  said,  even  in  a  greater  degree,  of  the  supposed  eombinatiou  of 
the  free  nitrogen  of  the  air  within  the  soil ;  also  of  the  supposition  that 
plants  take  up  any  material  proportion  of  their  nitrogen  from  combined 
nitrogen  in  the  atmosphere  by  their  leaves.    Finally  it  has  been  concluded 
that  the  balance  of  direct  experimental  evidence  is  decidedly  against  the 
supposition  that  i)Iants  assimilate  the  free  nitrogen  of  the  atmosphere. 
Indeed,  the  strongest  argument  that  we  know  of  in  favor  of  such  a  sup- 
position is  that,  in  defect  of  other  conclusive  e^idence,  some  such  ex- 
planation of  the  facts  of  production  would  seem  to  be  needed. 

THE  NITROGEN  OF  THE  SOIL  A  SOURCE  OF  THE  NITROGEN  OF  CROPS. 

We  now  turn  to  that  part  of  the  subject  which  it  is  the  special  object 
of  this  communication  to  bring  forward,  namely,  the  determinations  of 
nitrogen  in  thVj  soils  of  some  of  the  exi>erimental  fields  at  Eothamsted, 
the  yield  in  nitrogen  of  which  has  been  given,  and  to  show  the  bear- 
ing of  the  results  on  the  question  of  the  sources  of  the  nitrogen  of  the 
crops. 

We  have  no  wish  or  intention  to  ignore  the  difficulties  inherent  in  the 
treatment  of  the  subject  from  this  point  of  view.  The  difficulty  of  the 
problem  will  at  once  be  recognized  when  it  is  borne  in  mind  that  a  dif- 
ference of  .001  in  the  percentage  of  nitrogen  in  the  dry  soil  may  rep- 
resent a  difference  of  from  20  to  25  pounds  of  nitrogen  per  acre,  in  a 
layer  of  9  inches  in  depth.  Again,  when  it  is  further  borne  in  mind  that^ 
in  the  case  of  the  Bothamsted  arable  soils  with  which  we  have  to  deal, 
the  percentage  of  nitrogen  in  the  first  9  inches  of  depth  is  sometimes 
7709 11 
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only  about  0.1,  and  seldom  exceeds  .14  or  .15;  that  the  percentage  in 
the  second  9  inches  ranges  from  under  .06  to  about  .07,  and  that  that 
of  the  lower  depths  is  rather  lower  still,  it  will  be  seen  that  if  anj 
quantitative  estimates  are  to  be  based  on  the  percentage  amounts  of 
nitrogen  determined  in  samples  of  soil  frohi  different  depths,  tbc 
greatest  care  must  be  taken  to  insure  that  the  samples  truly  represent 
the  exact  depth  supposed.  The  mode  usually  adopted  of  taking  samples 
of  an  indetmite  area,  perhaps  not  to  a  definite  depth,  and  almost  cer- 
tainly not  of  uniform  breadth  or  width  to  tlie  depth  taken,  is  obviously 
quite  inapplicable  for  the  purposes  of  any  such  inquiry  as  that  sup- 
posed. 

Unfortunately,  the  few  samples  of  soil  that  were  collected  in  the  early 
years  of  the  Rothamsted  field  experiments  were  not  taken  in  such  a  man- 
ner as  to  afford  results  applicable  to  our  purpose.  Commencing  iu  1856, 
however,  the  mode  adopted  has  been,  after  carefully  leveling  the  soO, 
to  drive  down  a  square  frame,  made  of  strong  sheet  iron,  open  at  top 
and  bottom,  and  of  an  exact  area,  and  of  an  exact  depth,  to  the  level 
of  the  surface.  The  inclosed  soil  is  then  cafefully  taken  out,  and  it8 
weight  determined.  The  soil  around  the  frame  is  then  removed  to  the 
level  of  its  lower  edge,  and  it  is  again  driven  down,  and  the  inclosed  soil 
removed;  and  thi8i>rocess  is  repeated  until  the  desired  depth  of  sam- 
pling is  reached. 

Of  surface  soils,  sami)les  are  taken  from  three,  four,  or  as  many  as 
eight  places  on  the  same  i)lot.  A  portion  of  each  such  sample  is  kept 
separate,  as  a  means  of  testing  the  range  of  variation,  and,  if  need  be, 
of  correction  in  case  of  any  abnormal  results  due  to  accidental  animal 
droppings  or  other  causes.  Another  portion  of  each  separate  sample 
is  used  to  make  a  mixture  of  all.  In  the  case  of  the  subsoils,  the  sep- 
arate samples  of  corresponding  depth  from  the  same  plot  are  at  onoe 
mixed.  Surface  soils  are  sometimes  taken  of  an  area  of  12  by  12 
inches,  but  sometimes  of  only  6  by  6  inches,  and  subsoils  almost  inva- 
riably of  the  smaller  area.  The  depth  of  each  sample  is  generally  9 
inches ;  but  in  some  si)ecial  cases  it  has  been  only  3  inches,  and  in 
some  6  inches.  It  is  perhaps  to  be  regretted  that  the  depth  originally 
fixed  upon  did  not  more  nearly  represent  that  to  which  the  soil  is  more 
directly  affected  by  the  mechanical  operations,  Jtnd  by  the  application 
of  manure,  say  G  inches.  But  having  originally  adopted  9  inches,  it  has 
been  necessary  to  adhere  to  this  depth  subsequently,  in  order,  as  far 
as  possible,  to  obtain  comparable  results  at  different  dates. 

The  soils  when  brought  to  the  laboratory  are  first  broken  up  and 
partially  dried  in  a  stove  room  at  a  temperature  of  about  130°  F.  to 
arrest  nitrification,  which  would  be  liable  to  take  place  if  the  soils  were 
moist.  Next  the  stones  are  removed ;  first  those  retained  by  a  sieve  of 
1-inch  mesh,  next  by  a  sieve  of  one-half-inch  mesh,  and  then  by  a  one- 
fourth  inch  sieve.  All  that  passes  the  one-fourth  inch  sieve  is  termed 
the  mold.    Portions  of  this  are  very  finely  powdered  and  sifted  for  ana- 
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lysis,  and  the  weights  being  recorded  at  each  stage  of  preparation,  and 
the  water  lost  on  drying  at  100  C  being  determined  on  the  finely  pow- 
dered mold,  all  results  of  analysis  are  calculated  into  percentage  on 
the  so-deteriuined  dry  mold.  From  the  same  data  the  amount  of  dry 
mold  per  acre  is  calculated,  and  upon  this  the  amount  of  nitrogen  per 
acre.  It  will  be  seen  further  on,  that  notwithstanding  the  means 
adopted  to  secure  uniformity,  the  amounts  of  dry  mold  per  acre  cal- 
culated for  a  given  depth  from  the  sam]>les  taken  vary  considerably 
for  the  same  field  at  different  times,  according  to  the  dryness  or  wetness 
of  the  season,  the  condition  of  the  land  as  aliected  by  the  crop,  the 
mechanical  operations,  and  otlu^r  circnmstiinces.  The  amounts  also 
vary  very  considerably  for  the  soils  of  adjoining  fields. 

NITROGEN  IN  THE  SOILS  OF  THE  EXPEKIMEM  AL  WHEAT  PLOTS. 

The  first  series  of  determinations  of  nitrogen  to  which  attention  will 
be  called  relates  to  those  made  in  the  soils  of  some  of  the  plots  of  Broad- 
balk  field,  which  has  now  grown  wheat  for  thirty-nine  years  in  succes- 
sion, and  the  yield  of  nitrogen  in  which,  on  the  plots  receiving  no  nitro- 
gen in  manure,  has  been  given  in  Table  I»  It  will  be  rnnembered  that, 
under  those  conditions,  there  was  a  very  marked  decline  in  the  annual 

yield  of  nitrogen  in  tlie  crop,  both  without  any  manure  and  with  a 
mixed  mineral  manure  used  alofie. 

The  first  wheat  crop  of  the  series  was  harvested  inlS4  4,  and  although 
isolated  samples  of  the  soil  were  taken  in  the  early  years,  it  was  not 
until  1856  that  any  were  colIecKnl  on  the  plan  now  followed.  At  that 
date  only  four  plots  were  sampled,  and  only  to  the  depth  of  the  first  9 
inches.  Eight  samples  were,  liowever,  taken  from  each  plot;  each  12 
by  12  inches  area,  and  the  eight  were  mixed  together.  In  1865,  samples 
were  taken  from  eleven  plots,  from  eight  places  on  each  plot,  each 
sample  12  by  12  inches  area,  and  this  time  to  a  depth  three  times  9 
inches,  or  to  a  total  depth  of  27  inches.  Lastly,  in  1881,  twenty  plots 
•were  sampled ;  six  samples,  each  6  by  6  inches  area,  were  taken  from 
each  plot,  and  in  each  case  to  three  depths  of  9  inches  each,  or  in  all  to 
27  inches. 

Thus,  it  is  only  in  1865  and  in  1881  that  we  have  any  considerable 
series  of  samples  and  the  nitrogen  determined  in  them ;  that  is,  in  1865 
after  the  twenty-second,  and  in  1881  aft-er  the  thirty-eighth  crop  had 
.  been  removed.  It  is  obvious  that,  if  the  results  at  these  two  periods 
are  to  be  compared,  we  must  first  determine  whether  the  samples  taken 
represent  layers  of  equal  depth  and  weight  in  the  two  cases.  Confining 
attention  on  the  present  occasion  to  the  results  relating  to  the-  first  9 
inches  of  depth,  the  following  figures  show  the  average  weight  of  dry 
mold  per  acre,  that  is,  of  soil  excluding  stones  and  moisture,  calculated 
from  the  weight  of  the  samples  taken,  and  from  the  results  of  the  me- 
chanical separation,  and  of  the  determination  of  moisture  in  the  soils. 
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For  1865,  the  calculations  are  based  on  the  results  aftbrded  by  af 
samples,  eight  from  each  of  ten  of  the  eleven  plots,  the  eleventh 
the  one  annually  reeeivmg  farm -yard  manure;  and  for  1881  they 
based  on  the  results  relating  to  one  hundred  and  fourteen  sample^' 
is,  six  samples  each  from  nineteen  plots,  again  excluding  the  one 
farm-yard  manure. 


Number  of  Hamples.  dm 

peri 


1865, 10  plots,  eijiht  samples  from  each 3^ 

1881,  19  plots,  six  sani])Us  from  each 2, 


The  imi)ortauce  of  taking  samples  of  definite  area  and  depth,  and| 
determining  the  weights,  is  here  strikingly  illustrated.     Tlius,  it  is 
vious  that  the  samples  analyzed  in  1881  represented,  on  the  avei 
almost  exactly  one  ninth  more  soil  per  acre  than  those  analyzecl  in  li 
In  other  words,  if  the  samples  of  ISO.")  fairly  represented   9  inches 
depth  in  the  average  condition  of  consolidation  of  the  soil,  those  of  li 
represented  10  inches  of  soil  in  the  same  condition;  that  it.,  they 
eluded  1  inch  more  of  subsoil,  with  its  much  lower  percentaofe  of  nil 
gen  than  the  9  inches  above  it.    It  may,  of  course,  be  a  question  whet 
the  condition  of  consolidation  of  the  soil  was  the  more  normal  at 
one  period  or  at  the  other;  audit  would  make  scarcely  any  difterenee 
the  relation  of  the  results  to  one  another  at  the  two  periods,  whetM 
the  actually  determined  percentages  of  nitrogen  in  the  1865  sampil 
were  lowered  on  the  assumption  that  they  should  have  included  1  ii 
more  of  subsoil,  or  whether  the  determined  percentages  in  the  V 
samples  are  raised  on  the  assumption  that  they  contained  1  inch  U 
much  of  subsoil.     We  have  concluded,  from  a  corsideratiou  of  all 
facts  at  command,  that  the  latter  alternative  is  upon  the  whole  the 
We  adopt,  therefore,  the  percentages  of  nitrogen  as  actually  determine 
in  the  1865  samples,  and  we  assume  the  weight  of  mold  (9  inches  dtM 
represented  by  the  samples  to  be  2,300,000  pounds  per  aci-e.     But  iu 
case  of  the  1881  samples  we  assume  that  one-tenth  of  the  heavier  weij 
had  the  composition  determined  in  the  second  9  inches  (it  would  be  v< 
slightly  higher),  and  the  percentage  in  the  remaining  nine-tenths, 
resenting  2,300,000  pounds  of  surface  soil,  is  raised  by  calculation 
cordingly. 

The  following  table  (VIII)  gives  for  the  surface  soils  (9  inches  deep). 
the  unmanured  plot,  and  the  nine  artificially  manured  plots  sampled  it 
1866,  the  aetually  determined  percentages  of  nitrogen  in  the  dry  moldj 
and  for  the  1881  samples  from  the  same  plots,  both  the  actually  dettf^ 
mined  percentages  and  the  corrected  percentages,  calculated  as  abovi 
described.  The  table  also  shows  the  amount  of  nitrogen  per  acre,  red& 
o  ning  2,300,000  pounds  of  dry  mold,  calculated  for  1865  according  to  M 
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tally  determined  percentages,  and  for  1881  according  to  the  corrected 
^ntages.  The  quantities  per  acre  more  (+)  or  less  ( — )  in  1881 
I  in  1865  are  also  given.  Lastly,  for  each  period  are  given  the  quan- 
ts more  or  less  on  each  of  the  other  plots  than  on  plot  5a,  which 
lived  the  mineral  manure  alone. 

Table  VIII.— Broadbalk  Field  Soils. 

Xitrogen  percent,  in  the  dry  mold  and  per  acre. 

[Wheat  tbirty-nine  years  in  aiicceasioD,  l»-43-'4  tol881-'2,  inclaaive.] 


t 


UmnamnTed 

Mixed  mineral  mannre 

ISixed  minerul  miuinre  and  am- 
monia salts,  =  86  x^iinds  nitro- 
Ken. 
Mixed  mineral  mannre  and  ni- 
trate of  soda,  =  86  pounds  ni- 
trogen. 
Ammonia  salts,  =  86  pounds  ni- 
trogen (1845  and  since). 
Ammonia  salts.  =  86  pounds  ni- 
trogen and  superphosphate. 
Ammimia  salt  8,  =  86  pounds  ni- 
trogen,   sapeTphospnate,    and 
soda. 
Ammonia  saltA,  =  86  pounds  ni- 
trogen,   saperphpspiiate,   and 
potosiia. 
Ammonia  salts,  =  86  pounds  ni- 
trogen,   superphosphate,    and 
magnesia. 
Ammonia  salts,  =  172  pounds  ni- 
trogen and  mixed  mineral  ma- 
nure. 


Nitrogen. 


Per  cent  in  dry  mold.   [  Per  acre,  2,300,000  pounds  dry  mold, 
1865. 


Aotnal. 


Ptret. 
0. 1000 
0. 1119 
0.1230 


0.1232 

0. 1108 
0. 1171 
0.1208 

0. 1206 

0.1107 

0.1264 


1881. 


^<^t^^- 'reeled. 


1865.  1881. 


Peret. 
0.1009 
0.0981 
0.1207 


0.1200 

0. 1034 
0. 1121 
0.1155 

0, 1101 

0.1163 

0.1066 


Ptret. 
0.1045 
0. 1012 
0.1264 


■^ 


Lba.  '  Lht.  Lbs 
2,507  2,404  -103 
2.574.  2,328!  —246 
2.829  2,908  +79 


•f  or  —  plot  5a. 


1865. 


Lb$. 


1881. 


0.1253     2,834   2,883     -^49 


0.1074 


2,548  2,471 


0. 1164  .  2, 693  2. 676 

0. 1202  ■  2, 778  2, 765 

I 

0. 1245  i  2, 774  2,  863 


-77 
-17 


+255 

+260 

—26 
+119 


I 


—13  -f  204 


+89 


0. 1215 


2,753  2^794;     +41 


+200 


-fl79 


Xb«. 


+  680 


1881 
+or— 
1865. 


LbB. 


+825 


+665   +295 


4-148 
+348 


+169 
+229 


+437  +288 


+535 


+466 


+885 


+287 


0.1122     2,907,  2,557i  -850,  +333   +229  —104 


I  As  already  said,  in  1865  the  land  had  grown  twenty-two  crops,  and 
I  1881  thirty-eight  crops  of  wheat  in  succession.  Plot  3  had  beeu 
pmanured  from  the  commencement.    Plot  10a  received  mineral  ma- 

Cre  in  the  first  year,  but  the  ammonia  salts  alone  each  year  since.  The 
nainiog  plots  were  somewhat  variously  manured  during  the  tirst 
fight  of  the  thirty-eight  years;  but  (excepting  plot  16)  each  has  been 
kianured  every  year  for  the  last  three  of  the  thirty-eight  years,  as  dis- 
iribed  in  the  table. 

It  will  be  observed  that  for  every  plot,  the  actual  determinations  show 
I  lower  percentage  of  nitrogen  in  1881  than  in  1865.  The  corrected  per- 
centages for  1881  are,  of  course,  all  rather  liigher  than  the  actual  deter, 
■inationa,  and  they,  in  some  cases,  show  a  higher  and  in  others  a  lower 
percentage  than  in  1865.    Nevertheless,  it  cannot  fail  to  be  noted  that 


166         FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

the  rotation  of  plot  to  plot  is  essentially  accordant  at  the  two  peri< 
The  significance  of  the  results  will,  however,  be  rendered  the  more 
parent  on  an  examination  of  the  calculated  quantities  per  acre.    Iti 
obvious  that  absolute  accuracj^  cannot  be  claimed  for  such  figures, 
the  general  accordance  of  the  indications  at  the  two  periods  is  snch 
to  leave  no  doubt  of  their  import.  1 

Keeping  in  view  the  special  object  of  this  communication,  which  istj 
show  the  bearing  of  what  may  be  called  the  nitrogen  statistics  of  im 
soils,  on  the  question  of  the  source  of  the  nitrogen  in  the  crops,  it  wl 
be  seen  that  during  the  sixteen  years,  from  1865  to  1881,  both  the  in 
manured  i>lot  (3)  and  the  mineral  manured  plot  (5a),  the  yield  of  iiitw 
gen  in  the  crops  of  which  declined  so  strikingly,  show  a  great  reductioi 
in  the  stock  of  nitrogen  in  the  surface  soil.  The  reduction  in  thea 
later  years  is  considerably  greater  in  the  surface  soil  of  the  mineral  ma 
nured  than  in  that  of  the  entirely  unmanured  plot,  the  previous  accn 
mulation  in  which  had  been  many  more  years  subject  to  exhaasti<n 
Taking  the  results,  however,  for  the  first,  second,  and  third  9  luchH 
the  calculated  loss  to  the  depth  of  27  inches  is  approximately  the  san 
for  the  two  i)lots.  The  figures  recorded  for  the  first  9  inches  only  ar^ 
however,  sufficient  to  show  that  the  decline  in  the  yield  of  nitrogen  ii 
the  crop  where  none  has  been  supplied  in  manure,  is  accompanied  by  I 
decline  in  the  stock  of  nitrogen  in  the  soil. 

A  further  illustration  on  this  point  is  afforded  by  the  results  for  pW 
16a.  For  the  thirteen  years,  1852-1864,  plot  16  received,  besides  tW 
mixed  mineral  manure,  twice  as  much  ammonium-salts  as  any  of  the  othd 
plots,  the  results  for  which  are  given  in  the  table,  and  it  ^ave  on  tW 
average  of  those  years  39^  bushels  of  grain  per  acre  per  annum.  SiiMSl 
1864,  however,  the  plot  has  been  left  unmanured,  and  during  the  8evc» 
teen  years,  1865-18§1,  it  has  yielded  an  average  of  only  14f  bushels  d 
grain ;  and  in  recentyears  the  produce  has  been  very  little  more  than  with- 
out manure,  or  with  purely  mineral  manure.  The  table  shows  that  in  1865^ 
that  is,  after  one  crop  had  been  removed  since  the  application  of  thi 
excess  of  ammonia  salts,  the  surface  soil  still  contained  coiisiderablj 
more  nitrogen  than  any  other  plot  in  the  series.  In  1881,  however,  aft€i 
sixteen  years  more  of  cropping  without  manure,  the  stock  of  uitrogea 
on  the  plot  was  reduced  by  a  greater  amount  than  on  any  other  plot, 
and  to  a  lower  point  than  on  any  other  of  the  ammonium  plots,  except- 
ing plot  10  with  the  ammonium  salts  alone. 

Let  us  now  refer  to  the  last  three  columns  in  the  table,  which  shows  fot 
each  of  the  plots  receiving  ammonium  salts  the  amount  of  nitrogen  per 
acre  in  the  surface  soil,  more  or  less  than  in  that  of  plot  5a,  with  min- 
eral manure  alone.  All  the  plots,  7  to  14  inclusive,  received  the  same 
quantity  of  nitrogen,  namely,  86  pounds  per  acre  per  annum.  Botit 
will  be  seen  that  the  excess  of  nitrogen  in  the  surface  soils  compared 
with  the  mineral  manured  plot  5,  varies  exceedingly;  in  fact,  it  is  ob- 
vious that  the  amounts  have  no  direct  relation  to  the  amount  of  nitro- 
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u  supplied  in  the  maDure.  The  following  table  will  afford  some  ex- 
anatiou  of  these  differences.  The  plots  under  consideration,  all  of  which 
ceived  the  same  amount  of  nitrogen  in  manure,  are  there  given  in  the 
der  of  their  average  annual  increased  yield  of  nitrogen  in  the  crops 
^er  plot  5.  The  first  column  shows  the  estimated  average  annual  iu- 
eawsed  yield  of  nitrogen  per  acre  in  the  crops ;  the  second,  the  estimated 
tnual  loss  of  nitrogen  as  nitric  acid  by  drainage;  the  third,  the  esti- 
ated  annual  excess  of  nitrogen  in  the  surface  soil  over  that  on  plot 
with  the  mineral  manure  alone;  and  the  last  column  shows  the  rela- 
on  which  that  excess  in  the  soil  bears  to  100  increased  yield  in  the 
•ops. 


* 


Table  IX. — Estimated  nitrogen  per  acre  per  annum. 


%m 


tl 

IS 
14 
7 


Pounda. 

Amm.  aalu  =  86  pounds  N.  (1845  and  oince) i  12. 4 

Amm.  salt  s  =  86  poands  N.  and  Bupcrphosphate 17. 7 

Amm.  Baits  =  86  poands  N.  superphos.  and  soda 22.  2 

Amm.  salts  =  86  pounds  N.  superphos.  and  potass 23.  4 

Amm.  salts  =  86  pounds  N .  superphos.  and  mag'a 24. 1 

Amm.  salts  =  86  pounds  N.  and  mixed  min.  man •. .  25. 9 

^ik  soda  =  86  i>ounds  N.  and  mixed  min.  man 26. 0 


Si 


Pounds.  Poundi.  Pounds. 


31.2 
28.5 
24.5 
25.6 
27.5 
19.0 
23.7 


4.8 
11.6 
14.6  j 
17.8 
15.5 
19.3 
18.5 


38. 7» 

66.6 

65.8 

76.1 

64.3 

74.5 

71.2 


it  is  seen  that  the  increased  yield  of  nitrogen  in  the  crops  also  varied 
aceedingly  with  the  same  amount  supplied  in  manure,  according  to 
he  condition  as  to  supply  of  mineral  constituents.  Plot  10,  with  the 
Unmonium  salts  alone,  gives  the  smallest  increased  yield  of  nitrogen 
111  the  crop  ;  and  plots  7  and  9,  with  the  most  complete  mineral  manure, 
tech  more  than  twice  as  much ;  the  other  plots  giving  intermediate 
UDonnts.  The  order  of  the  estimated  loss  of  nitrogen  by  drainage  is 
ilmost  the  converse  of  that  of  the  increased  yield  in  the  crops.  Plot 
10,  which  gives  the  least  increased  yield  in  the  croj),  shows  the  greater 
htes  hy  drainage ;  and  plots  7  and  9,  which  yield  the  greatest  increase 
ta  the  crop,  show  the  least  loss  by  drainage.  The  excess  in  the  soils 
(over  plot  5)  is  obviously  much  more  in  the  order  of  the  increased  yield 
ni  the  crops.  Plot  10,  with  the  least  in  the  increase  of  crop  and  the 
most  in  the  drainage,  shows  the  least  excess  in  the  soil,  whilst  plots 
?  and  9,  with  the  greatest  increased  yield  in  the  crop  and  the  least  loss 
by  drainage,  show  the  greatest  excess  in  the  soil. 

It  18  clear,  therefore,  that  whilst  the  excess  in  the  soil  has  no  direct 
relation  to  the  amount  supplieil  in  the  manure,  it  has  a  very  obvious 
Klation  to  the  increased  yield  in  the  crop;  in  other  words,  to  the  amount 
of  growth.  The  last  column  of  the  table  brings  this  out  more  clearly. 
Excepting  in  the  case  of  plot  10,  with  the  ammonium  salts  alone,  there  is  a 
^neral  uniformity  in  the  proportion  of  the  excess  in  the  soil  over  plot  5 


J 
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to  the  increased  yield  in  the  crop  over  plot  5 ;  and  the  variations, 
as  they  are,  have  an  obvious  connection  with  the  conditions  of  gro 
Thus,  plots  11,  12,  and  14,  all  with  a  deficient  supply  of  potass,  si 
approximately  equal  proportions  retained  in  the  soil  for  100  of  inc 
in  the  crop.     Plots  13,  7,  and  9,  again,  all  with  liberal  supplies  of  po 
show  higher,  but  approximately  equal,  proportions  retained  in  the  sarfs 
soil  for  100  of  increased  yield  in  the  crop.     Upon  the  whole,  it  is  ol 
vious  that  the  relative  excess  of  nitrogen  in  the  soils  of  the  diftere 
plots  is  little,  if  at  all,  due  to  the  direct  retention  by  the  soil   of  t 
nitrogen  of  the  manure,  but  is  almost  exclusively  dependent  on   t 
difference  in  amount  of  the  residue  of  the  crops — of  the  stubble 
roots,  and  perhaps  of  weeds. 

Recurring  to  the  main  point,  which  it  is  our  object  to  elucidate,  the 
can  be  no  doubt  that  the  determinations  of  nitrogen  in  the  surface  sMlIta 
of  the  different  plots  of  the  experimental  wheat  fitjld,  at  different  datea^ 
establish  the  fact  that  the  decline  in  the  yield  of  nitrogen  in  the  crops 
is  accompanied  by  a  decline  in  the  stock  of  nitrogen  in  the  soil.  It  will 
be  well  to  consider  as  far  as  the  data  at  command  will  allow,  what  rel*-i 
tion  the  yield  of  the  nitrogen  in  the  crops  bears  to  the  loss  of  nitrO; 
by  the  soil  I  On  this  point  it  may  be  stated  that,  taking  the  avera^ 
of  thirty  years,  1852-1881,  it  is  estimated  that  the  unmanured  pi 
yielded  18.6  pounds  of  lytrogeu  in  the  crops  and  10.3  pounds  in  t 
drainage,  or  in  all  28.9  pounds  per  acre  per  annum  over  that  period-  In 
like  manner  it  is  estimated  that  plot  5,  which  received  nitrogenous 
well  as  mineral  manure  during  the  preceding  eight  years,  but  mineral 
manure  alone  during  the  thirty  years,  yielded  20.3  pounds  of  nitrogen  in 
the  crops  and  12  pounds  in  the  drainage,  or  in  all  32.3  pounds  per  acre  ptf* 
annum.  It  would  thus  appear  that  without  nitrogenous  manure aboofc' 
30  pounds  of  nitrogen  has  been  contributed  per  acre  per  annum  to  crop 
and  drainage  together.  The  determinations  of  nitrogen  in  the  soils  of | 
the  two  plots  indicate  that  they  have  lost  an  average  of  about  two- 1 
thirds  of  this  amount  annually  to  the  depth  of  27  inches.  There  would^ 
therefore,  according  to  this  reckoning,  remain  about  one-third — ^say  W 
pounds  more  or  less — to  be  contributed  by  seed,  by  rain,  and  condensa- 
tion  from  the  atmosphere,  and  by  all  the  other  supplies  of  combined 
nitrogen,  which  have  been  supposed  to  be  available,  whether  of  the 
combination  of  free  nitrogen  within  the  soil,  or  its  assimilation  by  the 
plant.  Of  this  amount  about  2  pounds  will  be  due  to  seed,  and  if  we 
suppose,  say,  only  5  pounds  to  be  annually  supplied  by  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere,  there  is  but  little  left  to  be 
provided  by  all  the  other  sources  assumed. 

NITROGEN   IN   THE  SOIL«  OF  THE  EXPERIMENTAL  BARLEY  PLOTS. 

Unfortunately  we  have  not  so  complete  a  series  of  determinations  of 
nitrogen  in  the  soils  of  the  experimental  barley  plots  as  of  those  in  the 
experimental  wheat  field.    In  1808  four  of  the  barley  plots  were  sampled, ; 
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four  samples^  each  6  by  6  inches  area,  by  9  inches  deep,  were  taken 
Brom  each  plot,  and  the  four  mixed  together.  In  March,  1882,  26  plots 
Brere  sampled,  four  samples  being  taken  from  each  plot,  each  6  by  & 
inches  area,  and  to  the  depth  of  three  times  9  or  27  inches.  Of  the  plota 
lampled  in  1868  only  one  had  received  no  nitrogenous  manure,  but  we 
fcre  able  to  give  the  percentage  of  nitrogen  in  the  surface  soil  of  this- 
plot  at  the  two  dates.. 

Table  X. — Hoosfield  Barley  Land. 

yitrogen,p€r  cent,  in  the  dry  mold,  first  9  inches. 
[Barley  thirty-one  years  In  succession,  1852-1882  inclusive.  ] 


Kind  of  manure.  i      1868.     i     1882. 


Mixed  mineral  manure  alone. 


Per  cent    Per  cent 
0. 1202  I        0. 1124 


The  calculated  average  weights  of  dry  mold  per  acre,  to  the  depth 
of  9  inches,  were  not  very  different  at  the  two  dates.  The  1882  samples^ 
were,  however,  slightly  the  heavier,  which  would  indicate  that,  for  com- 
parison, the  percentage  of  nitrogen  given  for  the  later  date  is  perhaps 
somewhat  too  low.  Still,  it  is  obvious  that,  as  in  the  case  of  the  wheat 
land,  so  also  in  that  of  the  barley  land,  there  is,  with  the  decline  in  the 
yield  of  nitrogen  in  the  crop  -at  the  same  time  a  decline  in  the  stock  of 
the  nitrogen  in  the  soil. 

hitrogen  in  the  soils  of  the  experimental  root- crop  plots^ 

The  next  results  relate  to  the  land  upon  which  root  crops — commoa 
turnips,  swedes,  sugar-beet,  and  mangel-wurzel — ^have  (with  the  excep- 
tion of  the  interpolation  of  three  years  of  barley)  been  grown  for  forty 
years  in  succession,  1843-1882  inclusive.  Samples  of  the  soil  have  only 
■been  taken  once,  namely,  in  April,  1870;  that  is,  after  the  experiment 
bad  been  continueil  twenty-seven  years.  At  that  time  35  plots  were 
sampled,  and  four  samples  were  taken  from  each  plot,  each  6  by  6  inches 
'  area,  and  to  a  depth  of  3  times  9  or  27  inches. 

The  following  table  shows  the  percentage  of  nitrogen  in  the  surface 
8oil  of  the  ieontinuously  unmanured  plot,  and  of  three  plots  with  mineral 

manure  alone : 

Table  XI. — Barnfield  Root-crop  Land. 

Nitrogen f  per  cent,  in  dry  moldy  first  9  inches. 
[Koot  cropi  (except  barley  three  y^rs)  forty  years  in  nuccessioD,  1843-1882  inclnsive.] 

i 
Kinds  of  inanarc.  I     1870. 


Per  cent. 
Rot  3.— Unmanured 0.0852^ 


^t  4.— Mixed  mineral  mannre 

rioi  5. — Superphosphate  alone 

Plot  6.-<-Sap6rpho8phate  and  potass 

Mean  of  plots  4,  5,  and  6 


0.0934 
0.0888- 
0.0867 


0.088^ 
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Having  only  taken  samples  once,  we  have,  of  course,  no  means  of  con- 
paring  the  condition  of  the  land  as  to  its  percentage  of  nitrogen  at  dif- 
ferent periods.  The  point  to  be  observed  in  the  results  given  in  the 
table  is,  that  each  of  the  four  plots  which  have  received  no  nitrogenooA 
manure  shows,  after  twenty-seven  years  of  experiment  ( twenty -foor 
years  roots  and  three  years  barley),  a  lower  percentage  of  nitrogeo  in 
the  surface  soil  than  has  been  found  in  any  of  the  other  experimental 
fields,  though  determinations  made  in  samples  from  other  parts  of  the 
same  field,  and  also  in  an  adjoining  field,  show  considerably  higher  re- 
sults. The  nearest  approach  to  so  low  an  amount  in  any  other  field  is 
where  the  land  had  been  under  alternate  wheat  and  fallow  for  more  than 
thirty  years. 

It  will  be  remembered  that  the  root  crops  gave  with  mineral  manure 
alone  a  very  much  higher  yield  of  nitrogen  than  the  cereiils  iu  the 
•earlier  years  and  as  low  a  yield  in  the  lattr  years.  That  they  did  not 
give  less  still  is  probably  owing  to  the  fact  that  their  growth  extends 
later  in  the  season  than  the  cereals,  by  virtue  of  which  they  are  prob- 
ably enabled  to  arrest  the  nitric  acid  formed  within  the  soil  during  the 
autumn  months,  which  in  the  case  of  the  cereals  would  be  more  subject 
to  loss  by  drainage. 

Both  the  mechanical  conditions  of  surface  soil  known  to  be  favorable 
for  the  growth  of  the  root  crops,  and  the  large  amount  of  fibrous  root 
they  throw  out  near  the  surface,  indicate  an  active  demand  on  the  re- 
430urces  of  the  upper  layers  of  the  soil,  and  are  perfectly  consistent  with 
the  supposition  that  their  growth  has  led  to  a  greater  reduction  in  the 
-stores  of  nitrogen  of  the  superficial  layers  than  in  the  case  of  any  of 
the  other  crops. 

The  evidence  afforded  both  by  the  facts  of  production  and  the  deter- 
minations of  nitrogen  in  the  soil  are  indeed  strongly  in  favor  of  the  vievr 
that  the  source  of  the  nitrogen  of  the  root  crops,  as  of  the  cereals,  is,  when 
grown  without  nitrogenous  manure,  the  soil  itself,  and  the  small  quan- 
tity of  combined  nitrogen  annually  contributed  by  rain,  and  the  minor 
aqueous  deposits  from  the  atmosi)here.  It  is  said,  however,  that  these 
xjrops  require  a  certain  amount  of  nitrogen  to  be  supplied  b^'  mannre, 
and  that  they  then  are  able  to  take  up  the  remainder  from  atmospheric 
sources.  The  facts  of  production  recorded  at  page  7  afford  no  counten- 
ance to  such  a  view.  We  conclude,  indeed,  that  the  dependence  of 
these  crops  for  their  nitrogen,  on  the  stores  of  the  soil  itself,  or  on  sup- 
plies by  manure,  is  as  clearly  established  as  in  the  case  of  the  cereals. 

IS  THE    SOIL   A   «OUR('E   OF     THE   NITROGEN   OF   THE    LEGUMlN0S.«t 

We  have  now  to  consider  the  bearing  of  the  evidence  on  the  question 
of  the  source  of  the  nitrogen  of  the  leguminosic,  and  here  we  approach 
not  only  the  most  important  but  the  most  difficult  part  of  our  subject. 

The  first  of  the  leguminous  crops,  the  yield  of  nitrogen  in  which  is 
recorded  in  Table  I,  is  beans.     Without  manure  the  yield  of  nitrogen 
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jra5  in  the  earlier  years  very  umch  higher  than  with  the  cei^eals;  but 
;he  decline  was  very  great,  and  in  the  later  years  it  was  as  low  as  with 
*e  cereals.  With  mixed  mineral  manure,  including  potass,  the  yield 
eras  throughout  much  higher,  but  the  decline  was,  as  without  manure, 
rery  gi*eat.  We  have  not  a  sufficiently  comparative  series  of  determina- 
tions of  nitrogen  in  the  soils  of  the  bean  ])lots,  but  such  results  as  are 
It  command  lead  to  the  conclusion  that  there  has  been  a  gradual  de- 
Bline  in  the  percentage  of  nitrogen  in  the  surface  soils :  but,  consider- 
ing the  little  tendency  of  the  plant  to  throw  out  feeding  root  in  the 
superficial  layers,  it  may  be  a  question  how  far  the  reduction  is  due  to 
exhaustion  by  the  direct  action  of  growth,  or  how  far  to  nitrification 
and  passage  of  the  nitrates  downwards. 

NITROGEN   IN  THE   ROILS   OF   THE  EXPERIMENTAL   CLOVER-PLOTS. 

The  most  important  of  the  leguminous  crops  to  which  reference  has 
been  made  is  red  clover.  In  Table  I  is  recorded  the  yield  of  nitrogen 
over  twenty-two  years,  in  onlj*  six  of  which,  however,  was  any  crop 
obtained.  The  experiment  ha^s  been  continued  with  some  modifications, 
and  in  1877,  that  is  after  thirty  years,  in  nine  of  the  last  ten  trials  the 
plant  had  died  off  during  the  winter  and  spring  succeeding  the  sowing 
of  the  seed.  Several  small  crops  have  since  been  obtained,  and  in 
March,  1881,  samples  of  soil  were  taken  from  five  places  where  no  nitro- 
genous manure  has  been  applied  from  the  commencement,  and  at  each 
place  to.  three  depths  of  9  inches  each.  Exactly  corresponding  samples 
were  also  taken  from  an  immediately  adjoining  plot,  which  had  l>een 
thirty  years  under  alternate  wheat  and  fallow,  without  manure  of  any 
kind.  The  nitrogen  was  determined  in  each  of  the  five  separate  sam- 
ples, and  also  in  the  mixture  of  the  five.  Table  XII  summarizes  the  re- 
sults. 

Tablk  XII.— Hoosfield  Clov  kr  and  Wheat  and  Fallow  Land. 

yUrogen,  per  cent,  in  dry  nwld,  first  9  inoh^*i. 

fExperinientH  more  tban  thirty  years.] 


Meau. 


188L 


I 


Clover  land.  I  Fallow  land. 


Per  cent.  Percent. 

Main  on  five  separatt:  samples 0. 10G7  0. 0925 

Mean  on  mixture  of  five  samples 0.1055  0.0»84 

Mean 0.1061  0.0955 


It  is  true  that  the  tendency  of  the  evidence  on  the  point  is  to  show 
that  red  clover  derives,  at  any  rate,  much  of  its  nitrogen  from  the 
lower  layers  of  the  soil;  but  it  is  surely  significant  that,  after  the  growth 
of  heavy  crops  in  1849,  when  the  land  was  in  ordinary  condition  as  to 
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manuring,  and  the  constant  failure  since,  there  is  eoii- 
nearly  as  low  a  percentage  of  nitrogen  in  the  surfar^- 
nate  wheat  and  fallow  without  manure.    It  is  obviouN 
lation  near  the  surface,  due  to  residue  from  the  small  41 
than  compensated  by  exhaustion.    The  evidence  ott* 
may  be  said  to  be  of  a  somewhat  negative  charactt 
rate  clear  that  failure  of  growth  has  been  associatt 
and  very  low  percentage  of  nitrogen  in  the  siirface  >• 

The  next  results  are  of  a  very  much  more  definite  clia 
to  the  two  portions  of  the  field  which  had  grown  six 
cession  by  artificial  manures  alone,  was  then  dividi* 
one  half  clover  and  on  the  other  half  barley  was  gro\> 
that  in  the  clover  crops  151.3  pounds,  and  in  the  barK 
of  nitrogen  were  removed.    Yet  in  the  next  year,  i 
over  both  portions,  the  one  which  had  yielded  151.. 
now  yielded  69.4  pounds  in  barley;  and  the  other, 
only  37.3  in  barley,  now  yielded  only  39.1  pounds  in  • 

In  October,  1873,  after  the  clover  and  barley  had 
before  the  land  w^as  plowed  up,  samples  of  the  soil 
lows :  From  each  portion  four  separate  samples,  ear 
area  and  9  inches  deep,  and  the  nitrogen  was  detern. 
rate  sample  and  also  in  an  equal  mixture  of  the  four, 
each  6  by  6  by  9  inches,  were  also  taken  from  each  o 
and  the  six  samples  representing  each  portion  wt 
nitrogen  determined  in   the  mixture.     At  each  p. 
separate  samples  were  taken  and  mixtures  made 
spectively  the  Seconal  and  the  third  9  inches  of  i» 
three  and  in  many  four  determinations  of  nitrogen  \. 
sample.    The  following  table  gives  the  mean  resul, 
rate  samples,  the  mean  on  the  mixture  of  the  four, 
the  mixture  of  the  six : 

Table  XIII. — Experimental  clover  and  barley  t 


Mean. 


Meau  on  four  separate  sampleA  (12  l).y  12  by  9) . . 
Mean  on  mixture  of  fonr  samnlcH  (12  by  12  by  9), 
Mean  on  mixture  of  six  samples  (G  by  C  by  9)  — 

Means 


The  accordance  of  the  three  seta  of  determinationjs 
and  for  the  barley  land,  resi)ectively,  can  leave  no  d*- 
there  was  a  considerably  higher  percentage  of  uitrogeii 
of  the  clover  ground  than  the  same  depth  of  the  barl' 
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white  clover  roots  beyond  the  surface  soil.  Whilst  to  the  eye  and  W 
the  hand  the  subsoil  where  the  inetilotus  had  grown  was  pumped  dry, 
and  was  somewhat  disintegrated,  to  the  full  depth  sampled,  that  of  tht 
clover  plot  had  no  such  character.  Determinations  in  the  soils  and 
subsoils  show  at  each  of  the  six  depths  much  less  water  in  the  in«Z»/otw 
than  in  the  whit^-clover  soils ;  and  the  diflFerence  is  by  far  the  greater 
in  the  lower  depths.  Calculated  per  acre,  it  would  appear  that  to  tJn 
depth  of  54  inches  the  melilottis  soil  had  lost  approximately  450  tons 
more  water  per  acre  than  the  white-clover  soil;  and  there  can  be  no 
doubt  that  the  pupiping  action  had  extended  deeper  still. 

There  is  here,  then,  clear  evidence  that  the  plant  whose  habit  of 
growth,  and  especially  whose  range  and  feeding  capacity  of  root,  suited 
it  to  the  conditions,  was  enabled  to  take  ui)  much  more  water,  and 
doubtless  with  it  much  more  food,  than,  under  exactly  similar  condi- 
tions of  soil,  were  at  the  command  of  the  plant  of  the  much  weaker  de- 
velopment. 

That  the  deep-rooting  melilotus  did  der;ve  more  nitrogen  from  the  sub- 
soil than  the  shallow-rooting  white  clover  is  obvious  from  the  following 
facts :  Watery  exhausts  were  made  of  each  soil,  at  each  depth,  and  the 

nitrogen  as  nitric  acid  determined  in  them.*  The  following  table  sum- 
marizes the  results : 


Table  XIV. — Nitroffru  us  nitric  acid. 


Per  million,  dry 
noil. 


Per  acre. 


First  0  inches. . 
Second  9iDche8. 
Third  9  inches  . 
Fourth  9  inches. 
Fifth9inche8.-. 
Sixth  9  inches. . 


Melilo- 

tUh  HOil. 


0.35 
0.20 
0.31 
0.27 
0.58 


White- 
clover 
Hoil. 


3.19 
1.07 
0.64 
1.00 
1.40 
1.69 


Total. 


tussoil.       «»^]j«^        e«« 


Pounds.  Pound*.  Potmii. 
3.33 
0.95 
0.56  : 
0.96 
0.84 
1.65 


A.  42 

5.01 

2.80 

1.M 

1.79 

1.8 

2.99  ' 

1« 

4.  38 

3.SI 

5.31 

aN 

8.29 


25.  78 


17.49 


Thus  the  melilotus  had  not  only  exhausted  the  water,  but  the  nitric 
acid  of  the  soil  at  each  depth  very  much  more  than  the  white  clover 
had  done,  and  the  difference  is  especially  marked  at  the  lower  depths. 
It  is  seen  that  in  the  case  of  the  white-clover  soil  there  is  a  diminishing 
amount  of  nitric  acid  from  the  first  to  the  third  depth,  and  then  au  in- 
creasing quantity  to  the  sixth  depth.  It  may  fairly  be  supposed  tliat 
there  is  greater  concentration  lower  still,  and  that  the  exhausting  ac- 
tion of  the  meWotus  extended  beyond  the  depth  examined. 

There  is  here  direct  evidence  that  the  subsoil  is  the  source  of  at  any 
rate  some  of  the  excess  of  nitrogen  of  the  melilotm  over  that  in  the 
white  clover.    The  quantity  and  the  distribution  of  nitric  acid  in  the  soil 


*A8  nitric  oxide,  by  its  re-actiou  with  ferrone  saltti. 
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at  any  one  time  are  so  dependent  on  temporary  conditions  that  it  would 
be  fallacious  to  attempt  to  estimate  from  the  figures  as  tiiey  stand  the 
exact  amount  which  the  melUotus  has  taken  up  more  than  the  white 
elover.  Then  it  is  obvious  that  the  action  extended  below  the  depth  ex- 
unined,  and  it  is  a  question  whether,  .with  the  greater  disintegration 
and  greater  aeration,  nitrification  would  not  be  favored  in  the  lower 
depths,  and  if  so  the  supply  would  be  in  a  sense  cumulative.  Lastly,  it 
may  be  that  the  deeply  and  widely  distributed  melilotiis  roots  have  the 
capacity  of  taking  up  nitrogen  from  the  subsoil  in  other  forms  than  a» 
nitric  acid. 

NITROGEN   AS   NITRIC   ACID   IN   (•THER   SOILS   AND   SUBSOILS. 

It  will  he  some  further  aid  in  Judging  of  the  possibility  or  probability 
that  the  nitric  acid  in  the  soil  and  subsoil  may  be  an  adequate  source  of 
the  nitrogen  of  the  Leguminosje,  if  we  quote  a  few  results  indicating  the 
amount  of  nitric  acid  found  in  soils  under  known  conditions. 
'  In  the  first  place  three  soil  drain^auges,  one  with  20,  one  with  40> 
and  one  with  60  inches  depth  of  soil,  in  its  natural  state  of  consolida* 
tion,  and  each  of  one-thousandth  of  an  acre  area,  have  been  under  experi- 
ment for  between  eleven  and  twelve  years.    No  manure  has  been  ap- 
plied to  these  soils  froni  the  commencement ;  the  drainage  has  been 
regularly  colle<;ted  and  measured,  and  for  nearly  the  whole  of  the  last 
five  years  the  nitric  acid   has  been  determined  in  monthly  average 
samples  of  the  drainage  waters.    Taking  the  result  of  the  three  gauges,, 
for  four  harvest  years  (from  September  to  August)  these  soils,  which 
fcad  been  about  six  years  without  anv  manure  at  the  commencement  of 
the  period  under  consideration,  have  lost  by  drainage  an  average  of 
42  pounds  of  nitrogen  as  nitric  acid  per  acre  per  annum,  of  which  per- 
haps not  much   more  than  5  pounds  would  be  due  to  rain  and   con- 
densation of  combined  nitrogen  from  the  atmosphere.     In  fact,  from  30 
to  35  pounds  have  been  annually  due  to  the  nitrification  of  the  nitro- 
genous matter  of  these  unmanured  soils.     It  has  to  be  borne  in  mind, 
however,  that  the  blocks  of  soil  having  access  of  air  from  below  as  well 
as  from  above,  the  nitrification  may  have  been  freer  than  it  would  be  in 
soil  in  its  ordinary  condition. 

Again,  in  some  of  the  samples  of  soil  taken  from  the  plots  in  the  ex- 
perimental wheat  field  in  October,  1865,  and  in  many  of  those  taken  in 
October,  1881,  that  is  in  each  case  about  two  months  after  the  removal 
of  the  crop,  the  nitric  acid  has  been  determined.  In  the  case  of  one 
plot  sampled  in  1865,  determinations  made  in  1866  (by  Dr.  Pugh'a 
method)  showed  between  60  and  70  pounds  of  nitrogen  as  nitric  acid 
per  acre  to  the  depth  of  27  inches.  In  the  samples  of  1881  the  amount 
of  nitric  acid  found  represent-ed  from  under  30  to  over  50  pounds  of 
nitrogen  per  acre  In  that  form,  down  to  the  depth  of  ^7  inches,  where 
ammonia  and  salts  or  nitrate  had  been  applied  for  the  previous  crops. 
As  in  the  case  of  the  white-clover  land,  the  amount  decreased  from  the 
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first  to  the  third  9  indies  of  depth  from  the  sui^ace,  aud  if  as  in  that 
ease,  it  increased  ia  the  lower  depths,  we  have  evidence  of  a  con^d- 
erable  store  of  nitric  acid  available  for  such  plants  as,  by  virtue  of  their 
Labit  of  growth,  are  able  to  gather  up  the  residue  accumulated  within 
the  subsoil. 

Determinations  made  in  samples  collected  in  the  exi)erimental  rota- 
tion field  in  September,  1878,  showed  the  following  amounts  of  nitrogeD 
as  nitric  acid  per  acre  to  the  depth  of  18  inches : 


_ . » 


With  super- 1  With     faU 
pboBpnato     complex ) 
onb'.  nure- 


After  fallow 
After  beans. 


Pouruis. 
36.3 
10.6 


Difference 


25.7 


SQ.S 


%t 


Samples  collected  at  the  same  date  from  the  unmanured  alternate 
wheat  and  fallow  plots  showed  to  the  same  depth : 

Poand*. 

After  fallow 33.7 

After  wheat 2.6 

Difference. . ., 31.1 

Lastly,  two  fields  which  had  been  manured  and  cropped  in  the  ordi- 
nary course  of  the  farm,  and  had  been  fallowed  since  the  previoas 
autumn,  showed  the  following  amounts  of  nitrogen  as  nitric  acid  per 
acre  to  the  depth  of  27  inches : 

PooxmU. 

Clay  croft  field 56.8 

Foster's  field 56.5 

It  will  be  seen  that  in  none  of  the  cases  cited  is  the  amount  of  nitric 
acid  found  in  the  soils  to  the  depth  examined,  sufficient  to  aceount  for 
80  large  an  accumulation  in  crop  and  in  the  surface  soil  as  the  figures 
relating  to  the  nitrogen  in  the  produce  of  clover,  and  in  the  clover  and 
barley  soil  would  indicate  had  been  accumulated.  The  amounts  of 
nitric  acid  formed,  or  remaining,  within  a  limited  depth  from  the  sur- 
face, at  any  one  time,  is,  however,  as  already  intimated,  dependent  on 
430  many  temporary  circumstances,  that  it  is  not  to  be  expected  that  the 
amount  formed  within  such  limits  at .  any  given  time  would  represent 
more  than  a  fraction  of  that  which  would  be  available  even  within  that 
range  during  the  long  period  of  growth  of  the  clover  crop.  Then,  the 
indications  are  that  there  is  a  considerable  accumulation  beyond  the 
depth  to  which  most  of  our  examinations  apply.  And  there  still  re- 
mains the  question  whether  the  roots  of  the  plant  do  not  take  up  ni- 
trogen from  the  subsoil  in  other  states  than  as  nitric  acid. 

Finally  in  regard  to  the  experiments  with  clover  and  barley,  it  is  ad- 
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Hiitt^d  that  the  various  results  of  soil  examinations  which  have  been 
adduced  do  not  conclusively  show  the  source  of  tbe  whole  of  the  nitro- 
gen to  have  been  the  soil.  It  wDl,  we  think,  nevertheless  be  granted, 
fcbat  they  do  clearly  point  to  the  fact  tliat  at  any  rate  much  of  it  is  de- 
rived from  that  source ;  whilst  there  is  no  evidence  whatever  of  an  at- 
mospheric source  of  more  than  the  small  amount  of  combined  nitrogdo 
coming  down  in  rain  and  the  minor  aqueous  deposits,  and  the  probably 
Btill  smaller  amount  absorbed  from  the  atmosphere  by  porous  soil. 

NITROGEN   IN    SOME    OF    THE    SOILS   OF    THE  EXPERIMENTAL  MIXED 

HERBAGE  PLOTS. 

The  results  next  to  be  referred  to  wiU  afford  additicmal  evidence  of 
the  soil-source  of  the  nitrogen  of  the  Leguminosfp. 

In  Table  3  it  was  shown  that  in  the  mixed  lierbage  of  permanent 
grass  laud,  without  manure  33.0  pounds,  and  with  a  purely  mineral 
manure  (including  potash)  56.6  pounds  of  nitrogen  were  yielded  per 
acre  per  annum  in  the  crop  over  a  period  of  twenty  years.  Whence 
eomes  the  22.6  pounds  more  nitrogen  per  acre  per  annum  raken  up  when 
tbe  mineral  manure  was  api)lied  than  without  manure! 

After  twenty  years  of  continuous  experiment  Rampl<  .s  of  soil  were 
taken  from  three  places  on  each  ])lot,  and  in  each  case  to  the  depth  of 
six  times  9  inches,  or  54  inches.  The  mean  results  of  the  determi- 
nations of  nitrogen  in  the  surface  soils  are  given  in  Tnble  XV  which 
follows : 

Table  XV.— Experiments  on  Permanent  Meadow  Land. 
Nitrogen,  per  tent,  in  dry  mold  and  per  acre. 


1870.       ■    1876.      ;     1878. 


Per  ennt.  [  Per  cent 

0.  2517        0. 2460 

I      0,2236 


Per  eenU 
""a  2246 


iHOermce 


0.0280 

Pounds. 

506.0 

25.8 


Although  we  have  not  previously  quoted  the  figures  we  have  on 
fleveral  occasions  stated  in  general  terms  that  determinations  of  nitro- 
gen in  the  soils  show  a  lower  amount  in  the  mineral  manured  soil,  ap- 
proximately corresponding  to  the  increased  yield  in  the  crop ;  and  it  is 
in  reference  to  our  statements  on  this  point  that  M.  Joulie  has  called  in 
question  the  possibility  of  obtaining  results  of  the  kind  applicable  to 
our  argument.  He  takes  the  fact  of  the  increased  yield  of  nitrogen 
nnder  the  influence  of  purely  mineral  manure  as  conclusive  proof  of 
the  atmospheric  source  of  the  increased  amount  of  nitrogen  assimilated. 
He  assumes  that  our  calculations  are  based  on  determinations  of  nitro- 
gen in  a  sample  of  the  mixed  soil  to  the  total  depth  of  54  inches.  He 
ealculates  that  in  the  mass  of  soil  to  that  depth  the  difference  in  the 
7709^ 12 
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amount  in  the  two  cases  would  be  ftir  too  small  to  furnish  a  justification 
for  the  important  conclusion  that  the  soil  was  the  source  of  the  nitrogen; 
and  he  objects  that  the  roots  of  such  herbage  would  derive  their  nutri- 
ment chieHy  in  the  superficial  layers.  He  further  objects  that  if  the 
difference  we  assume  were  a  fact,  it  is  probably  due  to  an  accidental 
diflerence  in  the  soil  of  the  two  plots,  such  a  difference  having  been 
admitted  by  us  in  the  case  of  another  plot.  Lastly,  he  suggests  that  if 
there  really  were  the  reduction  we  suppose,  it  might  be  due  to  other 
causes — guch  as  increased  activity  of  nitrification  under  the  influence 
of  the  mineral  manure  and  passage  of  the  nitrates  downwards. 

In  the  first  i)lace,  in  the  case  of  the  irregularity-  in  the  condition  of 
one  of  the  plots  referred  to,  the  difference  was  readily  seen  in  the  sec- 
tion of  the  soil,  and  there  was  no  such  diCTerence  in  the  instance  now 
under  consideration. 

Then  it  is  the  determination  of  nitrogen  in  the  first  9  inches  of  soil 
alone,  to  which  we  have  hitherto  referred,  and  to  which  we  confine 
attention  on  the  present  occasion. 

In  the  next  place,  that  the  difference  in  the  condition  of  the  two 
plots  is  not  merely  local  is  shown  by  the  fact  that  the  determinations 
on  a  sample  from  the  unmanured  plot  taken  in  1870  entirely  confirm 
the  relative  composition  shown  by  the  samples  of  1870.  Again,  the 
low^er  i)ercentage  of  nilrogen  in  the  1870  samples  of  the  mineral  ma- 
nured plot  is  entirely  confirmed  by  the  results  obtained  on  samples 
taken  in  1878.  ,  Further,  of  the  twenty  experimental  plots,  there  is 
only  one  other  showing  anything  like  so  low  a  percentage  as  the  mineral- 
manured  plot,  and  that  is  the  one  which  has  received  the  same  mineral 
manure,  but  for  a  shorter  series  of  years. 

We  have  in  fact  no  doubt  whatever  that  the  differences  show^n  by  the 
figures  are  real  and  dex)endent  on  the  conditions  of  manuring  and  of 
growth.  The  reduction  is,  moreover,  v^^ry  great,  amounting  to  nearly 
one-tenth  of  the  total  quantity  of  nitrogen,  an  amount  far  beyond  the 
limits  of  accidental  difference  in  the  sampling  or  the  analysis. 

Calculated  per  acre,  the  surface  soil  of  the  mineral-manured  plot  con- 
tained, at  the  end  of  the  twenty  years,  600  pounds  less  nitrogen  than  the 
soil  of  the  unmanured  plot  to  the  same  depth,  corresponding  to  an  annnai 
reduction  of  25.3  pounds  of  nitrogen  per  acre  per  annum.  It  is,  to  say 
the  least,  a  very  remarkable  coincidence  that  the  increased  yield  of  ni- 
trogen on  the  mineral-manured  plot  which  has  to  be  accounted  for  is 
22.0  pounds  per  acre  per  annum. 

We  do  not  pretend  to  claim  absolute  accuracy  for  such  results,  but 
we  ourselves  entertain  no  doubt  whatever  of  their-  significance  and 
their  importance.  It  will  be  asked.  How  is  it  that  in  the  case  of  the 
red  clover  and  the  melilotus  it  was  concluded  that,  so  far  as  the  plants 
had  derived  their  nitrogen  from  the  soil,  it  was  at  any  rate  mainly 
from  the  lower  depths,  and  that  here  we  assume  the  increased  yield  of 
nitrogen  to  be  derived  from  the  surface  soil  t 

Under  the  influence  of  the  mineral  manure  a  larger  proportion  and 


FIELD    EXPERIMENTS   WITH   VARIOUS   FERTILIZERS.  179 

amouDt  of  le^umiuous  herbage  was  develo|>ed  than  ou  any  other  plot, 
bat  the  leguminous  plant  the  most  and  indeed  very  prominently  fa* 
Fored  was  the  Lathyrus  pratensiSj  which  throws  oat  an  enormous  quan- 
laty  of  root  near  the  surface ;  and  it  is  sufficiently  established  that  the 
potash  of  artificial  manures  remains  almost  exclusively  in  the  superficial 
layers.  On  the  other  hand,  the  perennial  red  clover  and  the  Lotus  cor- 
niculatuSy  which  have  a  much  more  deeply-rooting  tendency,  are  com- 
paratively little  encouraged.  The  actual  amount  of  leguminous  herb- 
age produced,  however,  is  not  sufficient  to  account  for  nearly  the  whole 
of  the  increased  yield  of  nitrogen  in  the  produce  of  the  plot.  The  fact 
is  that  besides  a  proportionately  very  large  increase  in  the  growth  of 
leguoiinons  herbage,  there  has  been  a  gradually  increasing  amount  of 
gramiueons  produce  developed;  far  beyond  what  would  be  anticipated 
from  the  extremely  limited  effect  of  such  manures  on  gramineous  crops 
grown  separately  on  arable  land.  How  far  this  result  may  be  due  to 
the  much  more  active  nitrification  induced  under  the  influence  of  the 
mineral  manure  in  the  much  more  highly  nitrogenous  grass  land  than 
in  the  poorer  arable  soil,  and  so  yielding  a  direct  supply  to  the  graminse . 
of  the  mixed  herbage,  or  how  far  to  an  increased  supply  in  a  condition 
available  for  the  grasses  as  the  result  of  the  increased  growth  of  the 
Legaminosae,  may  be  a  question.  But  it  is  of  interest  to  note  that  the 
gramiueons  species  that  are  developed  are  among  the  most  superficially 
rooting  of  the  grasses  found  on  the  experimental  i)lots. 

Before  lea\ing  the  subject  of  these  experiments  on  the  mixed  herbage 
of  grass  land,  it  may  be  well  to  call  attention  to  the  fact  that,  on  the 
assumption  that  the  whole  of  the  nitrogen  of  the  herbage,  beyond  the 
small  amount  of  already  combined  nitrogen  contributed  by  rain  and 
condensation  from  the  atmosphere,  is  derived  from  the  soil,  we  have  to 
eouclnde  that  about. 25  pounds  per  acre  per  annum  have  been  yielded 
by  the  soil  of  the  unmanured  plots,  and  nearly  an  additional  25  pounds, 
or  in  all  about  50  pounds,  from  the  mineral-manured  plot.  It  was  esti- 
mated that,  in  the  case  of  the  continuous  wheat  experiments,  about  20 
pounds  of  nitrogen  had  been  annually  obtained  in  the  crop,  and  a  min- 
imum of  12  pounds  lost  by  drainage  ;  in  all  32  pounds.  It  cannot  fail  • 
to  be  observed  how  closely  this  amount  corresponds  with  the  annual 
yield  of  nitrogen  in  the  unmanured  mixed  herbage.  With  the  richer 
grass  laud,  though  less  aerated  than  arable  land,  it  might  be  expected 
there  would  be  some  increased  activity  of  nitrification,  even  in  the  un- 
manured soil,  and  there  may  be  some  loss  by  drainage ;  but,  with  a 
mixed  herbage  of  some  50  species  of  very  varying  habit  of  growth, 
and  with  the  possession  of  the  soil  all  the  year  round,  it  is  only  what 
would  be  expected  that  there  would  be  more  of  the  available  nitrogen 
taken  up  by  the  crop  and  less  lost  by  drainage  than  with  the  cereal 
grown  separately  on  arable  land,  and  occupyiug  the  soil  for  only  a  very 
limited  period  of  the  year. 

We  conclude,  then,  that  the  results  relating  to  the  two  mixed  herbage 
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plots  can  leave  little  doabt  that  the  increased  yield  of  nitrogen  in  the 
more  highly  leguminous  produce  of  the  mineral-manured  plot  had  its 
source  in  the  stores  of  the  soil  itself. 

SOURCE  OP  THE  NITROGEN  OF  CLOVER  GROWN  ON  RICH  GARDEN  SOIL. 

We  have  one  more  illustration  to  bring  forward  having  an  important 
bearing  on  the  question  at  issue. 

In  view  of  the  signal  failure  in  the  attempt  to  grow  red  clover  on  a 
nitrogen  exhausted  arable  soil,  it  is  of  much  interest  that  large,  though 
declining,  crops  have  been  grown  for  twenty-nine  years  in  succession  od 
a  plot  of  rich  kitchen-garden  soil. 

The  experiment  was  commenced  in  1854,  and  the  following  table  shown 
the  percentage  of  nitrogen  in  samples  of  the  first  9  inches  of  soil  taken 
in  October,  1857,  and  in  May,  1879;  that  is,  with  an  interval  of  twenty- 
one  seasons  of  growth.  In  1857  only  one  sample  was  taken,  and  only  to 
the  depth  of  9  inches,  but  in  1879  three  samples  were  taken,  in  each 
case  to  the  depth  of  twice  9,  or  18  inches: 

Taklk  XVI.— Clover  Grown  on  Kitchen-Gardrn  Soil. 
Nitrogen f  per  cent,  in  dry  mold  and  per  acre. 


1 

1857. 

1879, 

Per  cent. 
0.3635 
0.3640 
0.36*26 

DiffeniiKtt. 

Per  cent. 

1 

Percent 

1 

1  ■  ■  -  *  *  *  " 
1. . . . , 

0.5095 

0.3634 

a.iM 

Per  acre,  Uttai 

'  Pound*. 
1       10  190 

PouTuit. 
7.268 

Pvmmi* 

Differt>nce  per  acre  per  annum 

d  US 

1 

The  percentage  of  nitrogen  given  for  the  single  sample  collected  io 
October,  1857,  is  the  mean  of  determinations  made  in  1857,  1868,  and 
1880,  and  is  almost  identical  with  the  mean  of  those  made  at  the  latoiU; 
date.  The  first  point  to  observe  is  that  the  first  9  inches  of  the  garden 
ground  contained  more  than  half  a  per  cent,  of  nitrogen,  about  four 
times  as  much  as  the  average  of  the  arable  soils,  and  nearly  five  times 
a.s  much  as  the  exhausted  clover-land  soil.  It  is  of  course  true  that  the 
soil  would  be  correspondingly  rich  in  all  other  constituents  ;  but  some 
portions  of  the  arable  soil  where  clover  failed,  had  received  much  more 
of  mineral  constituents  by  manure  than  had  been  received  in  the  cropx 

The  means  of  the  determinations  made  on  the  three  separate  sampled 
taken  in  1879  a^^ree  very  well,  and  the  results  can  leave  no  doubt  what- 
ever that  there  has  been  a  great  reduction  in  the  stock  of  nitrogen  in 
the  surface  soil.  The  reduction  amounts  to  al»out  29  per  cent,  of  the 
total,  and,  reckoned  per  acre,  as  shown  at  the  foot  of  the  table,  it  cor- 
responds to  a  loss  of  2.922  pounds  during  the  twenty-one  seasons 
growth  ;  and  although  really  good  crops  are  still  grown  in  most  ye4 
there  has  been,  with  this  great  reduction  of  the  stock  of  nitrogen  in  tlii 
soil,  a  very  marked  reduction  in  the  clover-growing  capability  of  tli( 
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9oiL  Thus,  during  the  first  fourteen  of  the  twenty-nine  years  of  the  ex< 
periment,  seed  was  sown  only  three  times,  whilst  during  the  last  fifteen 
years  it  has  been  necessary  to  sow  ten  times.  It  is  obvious,  therefore^ 
that  the  plant  stood  very  much  longer  during  the  earlier  than  the  later 
years.  Then,  again,  the  produce  from  the  three  sowings  during  the  first 
fourteen  years  was  nearly  twice  as  much  as  has  been  obtained  since. 

The  question  obviously  arises,  what  relation  does  the  amount  of  ni- 
trogen lost  by  the  soil  bear  to  the  amount  tiikeu  off  in  the  crops  t  We 
quite  admit  the  uncertainty  of  calculations  of  pioduce  per  acre  from  the 
results  obtained  on  a  few  square  yards.  We  are,  however,  disposed  to 
estimate  the  average  yield  of  nitrogen  over  the  twenty-one  years  at 
about  200  pounds  per  acre  per  annum.  The  table  shows  that  against 
this  we  have  an  estimated  loss  of  nitrogen  by  the  first  9  inches  of  soil 
of  139,  say  140,  pounds  per  acre  per  annum,  corresponding  approxi- 
mately to  three-fourtbs  of  the  amount  estimated  in  the  crop. 

There  is,  however,  evidence  leading  to  the  conclusion  that,  at  any  rate 
in  the  case  of  arable  soils  containing  an  unusually  high  percentage  of 
nitrogenous  organic  matter,  there  may  be  a  loss  by  evolution  as  free  ni- 
trogen ;  and,  obviously,  so  far  as  this  may  have  occuned  in  the  garden 
soil,  there  will  be  the  less  of  the  determined  loss  to  be  credited  to  assimila- 
tion by  the  growing  clover.  On  the  other  hand,  it  is  known  that  when 
growing  on  ordinary  arable  soil,  the  clover  plant  throws  out  a  large 
amount  of  roots  in  the  lower  layers,  and  although  in  the  case  of  so  rich 
a  surface  soil,  the  plant  may  derive  a  larger  proportion  of  its  nutriment 
from  that  source,  we  must  at  the  same  time  suppose  that  it  ha^  also 
availed  itself  of  the  resources  of  the  subsoil.  Unfortunately,  we  did 
not  sam|)le  deeper  than  9  inches  in  1857,  so  that  we  can  make  no  com. 
parison  of  the  condition  of  the  subsoil  at  the  two  periods.  It  may,  how- 
ever, be  observed  that  in  1879  the  second  9  inches  showed  about  three 
times  as  high  a  percentage  as  the  subsoils  of  the  arable  fields  at  the 
same  depth  ;  indeed,  not  far  from  twice  as  high  a  percentage  as  several 
of  the  exhausted  arable  surface  soils.  It  cannot  be  doubted,  therefore, 
that  the  subsoil  of  the  garden  plot  has  contributed  to  the  yield  of  nitro- 
gen in  the  crop. 

If,  then,  we  have  not  here  absolute  proof  that  the  source  of  the  whole 
of  the  nitrogen  of  clover  growing  on  the  garden  soil  was  the  soil  itself, 
we  have  purely  very  strong  grounds  for  concluding  that  much  of  it 
has  been  so  derived. 

GENERAL   CONCLUSIONS. 

In  fact,  after  this  review  of  the  evidence  which  the  determinations  of 
nitrogen  in  the  soils  of  our  experimental  plots  afford,  we  end,  as  we 
began,  by  saying  that,  although  we  admit  the  facts  of  production  are 
not  yet  conclusively  explained,  we  maintain  that  there  is,  to  say  the 
least,  much  more  of  direct  experimental  proof  of  the  soil  than  of  the 
atmospheric  source  of  the  nitrogen.     Moreover,  we  submit  that  this 
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may  be  said  not  only  of  the  sonrce  of  the  nitrogen  of  the  cereals,  boi 
of  the  root  crops  and  of  the  LeguminossB. 

If,  on  the  other  hand,  the  atmosphere  is  the  main,  if  not  theexclnsiTei 
source  of  the  nitiogen  of  the  LegumiuossB,  we  would  ask  here,  as  w« 
have  asked  elsewhere,  why  those  leguminous  crops  which  take  np  the 
most  nitrogen  can  be  less  frequently  grown  on  the  same  soilt  Why  we 
entirely  failed  to  grow  clover  successively  on  •  ordinary  arable  land, 
which  was  nevertheless  in  a  condition  to  yield  fairly  good  corn  crops! 
Why  the  only  condition  under  which  we  have  been  able  to  grow  clover 
continuously  was  where  the  soil  was  very  much  richer  in  nitrogen  (and 
of  course  in  other  constituents  also)  than  the  arable  land  t  And  lastlji 
why  its  growth  under  such  circumstances  has  been  accompanied  by  ft 
rapid  diminution  in  the  amount  of  nitrogen  in  the  soil,  and  with  this  ft 
marked  decline  in  the  produce  f 

It  will  not  for  a  moment  be  supposed  that  because  in  the  fore^iog 
illustrations  and  arguments  we  have  confined  attention  almost  excla* 
sively  to  the  nitrogen  in  the  soils,  we  in  any  way  ignore  the  importancft 
of  a  liberal  available  su])ply  of  the  mineral  constituents,  so  essential^ 
for  the  elective  action  of  the  nitrogen.  There  is  abundant  evidence^ 
however,  that  the  failures  that  have  been  cited  have  not  been  due  to  a 
deficiency  of  such  constituents. 

If,  then,  the  supply  of  mineral  constituents  not  being  defective,  the 
yield  of  our  crops  is  in  the  main  dependent  on  the  amount  of  nitrogea 
which  is  available  to  them  within  the  period  of  their  growth,  surely  tha 
fertility  of  a  soil  must  be  largely  measured  by  the  amount  of  nitrogea 
it  contains  and  the  degree  in  which  it  becomes  available.  Aud  if  thift 
be  so,  is  not  the  soil  a  mine  as  well  as  a  laboratory? 

In  this  connection,  speaking  here  in  America,  it  will  not  l>e  inappropri* 
ate  to  conclude  with  a  brief  reference,  such  as  the  limited  data  at  oar 
command  will  permit,  to  what  we  believe  must  be  a  characteristic  differ- 
ence between  the  comparatively  recently  or  even  not  yet  broken  up 
soils  of  this  continent,  and  those  which  have  been  long  under  arable 
culture  on  the  other  side  of  the  Atlantic. 

A  sample  of  Illinois  soil  obtained  some  years  ago  by  Mr.  (now  Sir| 
James  Oaird,  and  submitted  by  him  for  analysis  to  Dr.  Voeleker,  to 
^whom  we  are  indebted,  not  only  for  his  own  analytical  results,  but  als» 
for  a  sample  of  the  soil  itself,  shows,  by  almost  identical  results  in  the 
two  laboratories,  very  nearly  0.25  per  cent,  of  nitrogen.  We  have  no 
history  of  this  soil,  nor  do  we  know  the  depth  to  which  it  was  takeOi 
but  Dr.  Voeleker  informs  us  ihat  the  sample  supplied  to  us  was  a  mix- 
ture of  both  soil  and  subsoil  as  supplied  to  him,  and  in  the  separate 
surface  soil  he  found  CS*^  per  cent,  of  nitrogen. 

During  the  present  year  between  forty  and  fifty  samples  of  soil  from 
the  Northwest  Territory,  taken  at  intervals  between  Winnipeg  and 
the  Rocky  Mountains,  were  sent  over  to  the  High  Commissioner  in  Lon- 
don,  and  exhibited  at  the  recent  show  of  the  Royal  Agricultural  Society 
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of  England,  at  Reading.  The  soils  were  exhibited  in  glass  tubs  4 
feet  in  length,  and  are  stated  to  represent  ihe  core  of  soil  and  subsoil 
to  that  depth.  Three  samples  of  the  surface  soils  have  kindly  been  sup- 
plied to  U8  for  the  determination  of  the  nitrogen  in  them  : 

No.  1  is  from  Portage  le  Prairie,  about  60  miles  from  Winnipeg,  and 
has  probably  l)een  under  cultivation  for  several  years.  The  dry  mold 
contained  0.2471  per  cent,  of  nitrogen. 

No.  2  is  from  the  Saskatchewan  district,  about  140  miles  from  Winni- 
peg, and  has  probably  been  under  cultivation  a  shorter  time  than  No. 
1.    The  dry  mold  contained  0.3027  per  cent,  of  nitrogen. 

No,  3  is  from  a  spot  about  40  miles  from  Fort  Ellis,  and  may  be 
considered  a  virgin  soil.  The  dry  mold  contained  0.2500  per  cent,  of 
nitrogen. 

In  general  terms  it  may  be  said  that  these  Illinois  and  Northwest 
Territory  surface  soils  are  more  than  twice  as  rich  in  nitrogen  as  the 
average  of  the  Rothamsted  arable  surface  soils,  and,  so  far  as  can  be 
judged,  probably  twice  as  rich  as  the  average  of  arable  soils  in  Great 
Britain.  They  indeed  correspond  in  this  respect  very  closely  with  the 
surface  soils  of  our  permanent  pasture  land.  As  this  nitrogen  has  its 
source  in  the  accumulation  from  ages  of  natural  vegetation,  with  little  or 
no  removal,  it  is  to  be  supposed  that,  us  a  rule,  there  will  not  be  a  relative 
deficiency  of.  the  necessary  mineral  constituents.  Surely,  then,  these 
new  soils  are  mines  as  well  as  laboratories !  If  not,  what  is  the  meaning 
of  the  term  a  ftrtile  soil  f 

But,  assuming  these  soils  not  to  be  deficient  in  the  necessary  mineral 
supplies,  and  that  they  yield  up  annually  in  an  available  condition  an 
amount  of  nitrogen  at  all  corresponding  to  their  richness  in  that  con- 
stituent, it  may  be  asked  whether  they  should  not  yield  a  higher  average 
produce  of  wheat  per  acre  than  they  are  reported  to  do  t  The  exhausted 
experimental  wheat  field  at  Rothamsted,  the  surface  soil  of  which  at  the 
conimenceinent  of  the  experiments  thirty  nine  years  ago  probably  con- 
tained scarcely  half  as  high  a  percentage  of  nitrogen  as  the  average  of 
these  four  American  soils,  yielded  over  the  first  eight  years  17  J ;  over 
the  next  fifteen  years,  loj;  over  the  last  fifteen  years  (including  several 
very  bad  seasons),  only  11^  bushels;  and  over  the  whole  thirty-eight 
years  about  14  bushels  per  acre  per  annum.  So  far  as  we  are  informed, 
the  comparatively  low  average  yield  of  the  rich  Northwest  soils  is  largely 
due  to  vicissitudes  of  climate,  but  largely,  also,  to  the  luxuriant  growth 
of  weeds,  which  neither  the  time  at  command  for  cultivation 'nor  tl)e 
amount  of  labor  available  render  it  easy  to  keep  down.  Still,  if  there  be 
any  truth  in  the  views  we  have  advocated,  it  would  seem  it  should  be  an 
object  of  consideration  to  avoid,  as  far  as  practicable,  this  great  source 
•of  rednction  of  the  fertility  of  these  now  rich  soils. 
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REPORT. 

Every  thoughtful  farmer  realizes  the  importance  of  the  production  on 
bis  land  of  a  good  supply  of  grass  for  pasturage  and  haj'.  He,  who  can 
produce  the  greatest  yield  on  a  given  number  of  acres,  will  be  the  most 
successful  man;  yet  this  is  a  subject  which  has  been,  and  still  is, 
greatly  neglected. 

In  the  United  States  we  have  many  climates,  many  kinds  of  soil,  many 
geological  formations,  many  degrees  of  aridity  and  moisture.  It  must 
be  apparent  that  one  species  of  grass  cannot  be  equally  well  adapted  to 
growth  in  all  parts  of  this  extensive  territory  ;  yet  hardly  a  dozen  spe- 
cies of  grasses  have  been  successfully  introduced  into  our  agriculture. 
Trne  it  is  that  this  number  answers  with  a  tolerable  degree  of  satisfac- 
tion the  wants  of  quite  an  extensive  portion  of  the  countrj',  chiefly  the 
northern  and  cooler  regions.  But  it  is  well  known  that  in  other  local- 
ities the  same  kinds  of  grasses  do  not  succeed  equally  well,  and  one  of 
the  most  important  questions  for  those  regions  is  to  obtain  such  kinds 
as  shall  be  thoroughly  adapted  to  their  peculiarities  of  climate  and  soil. 
This  is  particularly  the  casein  the  Southern  and  Southwestern  States, 
the  arid  districts  of  the  West,  and  in  California. 

The  solution  of  this  question  is  largely  a  matter  of  experiment  and 
observation. 

The  grasses  which  we  have  in  cultivation  were  once  wild  grasses,  and 
are  still  such  in  their  native  homes. 

The  question  then  arises,  can  we  not  select  from  our  wild  or  native 
species  some  kinds  which  will  be  adapted  to  cultivation  in  those  por- 
tions of  the  country  which  are  not  yet  provided  with  suitable  kinds  ? 
Many  observations  and  some  experiments  in  this  direction  have  already 
been  made,  and  if  proper  research  is  continued,  and  sufficiently  thorough 
experiments  are  followed  up,  there  is  no  reason  to  doubt  that  proper 
kinds  will  be  found  for  successful  cultivation  in  all  parts  of  the  country. 

GRASSES   OF   THE   GREAT   PLAINS. 

The. plains  lying  west  of  the  one  hundredth  meridian,  together  with 
fiiuch  broken  and  mountainous  interior  country,  nearly  treeless  and  arid, 
I  in  New  Mexico,  Western  Texas,  and  Arizona,  are  nearly  useless  for  the 
I  purposes  of  ordinary  agriculture,  but  are  becoming  more  and  more  im- 
\  portaut  as  the  great  feeding  ground  for  the  multitudes  of  cattle  which 
I  supply  the  wants  of  the  settled  regions  of  our  country,  as  well  as  the 
I  constantly  increasing  foreign  demand.  The  pasturage  of  this  region 
!  consists  essentially  of  native  grasses,  some  of  which  have  acquired  a 
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wide  repatatioD  for  their  rich  natritious  properties,  for  their  ability  t» 
withstand  the  dry  seasons,  and  for  the  qaality  of  self-drying  or  cnring^ 
so  as  to  be  available  for  pasturage  in  the  winter.  This  qaality  is  doe 
probably  to  the  natare  of  the  grasses  themselves  and  to  the  effect  at 
the  arid  climate.  It  is  well  known  that  in  moist  countries,  at  lower 
altitudes,  the  grasses  have  much  succulence ;  they  grow  rapidly,  and  their 
tissues  are  soft ;  a  severe  frost  checks  or  kills  their  growth,  and  chemical ' 
changes  immediately  occur  which  result  in  rapid  decay;  whereas  in  the 
arid  climate  of  the  plains  the  grasses  have  much  less  succuleDce,  the 
foliage  being  more  rigid  and  dry,  and  therefore  when  their  growth  is 
arrested  by  frost  the  tissues  are  not  engorged  with  water,  the  desiccat- 
ing influence  of  the  climate  prevents  decay,  and  the  grass  is  kept  on  the 
ground  in  good  condition  for  winter  forage.  General  Benjamin  Alvord, 
of  the  United  States  Army,  has  recently  published  an  article  on  the 
subject  of  these  winter-cured  grasses,  and  states  that  they  only  acquire 
this  property  on  laud  which  is  3,000  feet  above  the  level  of  the  sea. 
The  region  having  such  an  altitude  includes,  he  says,  all,  nearly  up  to 
the  timber-line,  of  Montana,  Idaho,  Wyoming,  Utah,  Nevada,  Colorado, 
and  New  Mexico ;  five-sixths  of  Arizona,  one-half  of  Dakota,  one-fourth 
of  Texas,  one-fifth  of  Kansas,  and  one- sixth  each  of  California,  Oregon, 
and  Washington  Territory,  embracing  about  one-fourth  of  the  area  of 
the  whole  United  States. 

Many  of  the  grasses  of  this  extensive  region  are  popularly  known  as 
"  bunch  grass,"  from  their  habit  of  growth  ;  others  are  known  as  "mea- 
quite"  and  "  gramma  grass."  These  consist  of  many  species  of  diffe^ 
ent  genera,  some  of  them  more  or  less  local  and  sparingly  distributed, 
others  having  a  wide  range  from  Mexico  to  British  America. 

The  most  important  of  the  ^*  bunch  grasses ''  may  be  briefly  mentioned 
as  follows :  Of  the  genus  Stipa  there  are  several  species ;  Stipa  comaim 
and  ISiipa  setigera  occur  abundantly  in  New  Mexico,  Texas,  Arizona, 
and  California,  reaching  to  Oregon.  In  Colorado,  Kansas,  and  all  the 
prairie  region  northward,  stretching  into  British  America,  Stipa  junct€ 
is  the  principal  one  of  the  genus.  On  the  higher  plateaus  and  neartbe 
mountains  the  Stipa  viridula  is  very  common,  extending  from  ArizoD» 
to  Oregon  and  British  America.  Somewhat  related  botanically  is 
Eriocoma  euspidata^  a  very  rigid  bunch  grass,  with  a  fine,  handsome 
panicle  of  flowers.  It  is  equally  widespread  with  the  preceding.  An- 
other widely  diffused  grass  is  Aira  avspitosa^  varying  much  in  size  and 
thriftiness  according  to  the  altitude  and  amount  of  moisture  where  it 
grows,  but  always  having  a  light,  elegant  spreading  panicle  of  silvery- 
gray  flowers. 

One  of  the  most  extensivelj'  diffused  grasses  is  Kceleria  emtaM, 
varying  in  height  from  to  1  foot  to  2i  feet,  with  a  narrow  and  closely- 
flowered  spike.  Several  species  of  fescue  grass  {Festuca)  are  inter- 
mixed with  the  vegetation  in  varying  proportions ;  the  most  impo^ 
tant  of  these,  probably,  are  Festuca  ovina  in  several  varieties,  and 
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^estuca  scaJ^rella,  the  latter  especially  in  California,  Oregon,  and  Wash- 
ington. 

The  genas  Calaniagrosiis  (or  Deyeuxiay  as  it  is  now  called)  furnishes 
several  species  which  contribute  largely  to  the  vegetation  of  this  re- 
gion. They  are  mostly  tall,  stiff,  and  coarse  grasses,  but  leafy  and 
some  of  them  very  nutritious.  Of  these  Deyeuxia  sylvatica  and  Deyeuxia 
$tricta  are  the  least  valuable.  Perhaps  the  best  of  them  is  Deyeuxia 
canadensis^  which  is  soft  and  leafy.  Kext  in  value,  probably,  is  De- 
yeuxia aleiiiiea  of  California  and  Oregon,  -extending  into  Alaska.  Cal- 
amagrostis  (AmmophUa)  Zow^/Z/b/ia,  confined  chieflj-  to  the  plains  east  of 
the  Rocky  Mountains,  is  tall  and  reed-like,  growing  in  dense  clumps, 
from  4  to  6  feet  high. 

Several  species  of  Andropogon  are  diffused  from  Arizona  to  British 
America,  but  are  not  found  on  the  western  coast.  The  principal  species 
are  Andropogon  scopariusj  A,  furcatus  and  A.  (Chrysopogon)  nutans. 
Some  of  them  are  known  under  the  name  of  blue-joint. 

Other  grasses  also  widely  spread,  but  in  more  sparing  quantity  are 
several  species  of  Poa  and  Olyceria.  Several  varieties  of  Triticum  (Ag- 
ropyrum)  repeus^  or  Couch  grass, occur  abundantly  in  saline  soils,  and 
also  Agropyrum  glaucuniy  which  is  widely  known  as  blue-stem  and  is 
considered  among  the  most  nutritious  of  grasses.  Brizopyrum  spicatum 
now  issLlledDisticklis  maritima,  and  some  species  of  JSporobolus^  also  form 
extensive  patches  or  meadows  in  saline  soils.  Besides,  there  is  a  large 
number  of  gi'asaes  of  low  growth  and  of  more  spreading  habit,  which  are 
known  in  the  southwest  and  east  of  the  Eockv  Mountains  under  the 
names  of  mesquite  and  buffalo  grasses.  The  former  belong  mostly  to 
the  genns  Bouteloua,  the  most  important  species  being  B.  racemosa 
or  tall  mesquite,  and  B.  oUgostachya  or  low  mesquite.  The  true  buffalo 
grass  is  botanically  Buchloe  dactyloides,  which  in  many  places  forms  ex- 
tensive fields  or  areas.  It  is  of  a  low  and  densely-tufted  or  matted  habit. 
Another  similar  grass,  spreading  out  in  low,  wide  patches  is  Munroa 
iquorrosa.  The  above-mentioned  species  form  the  larger  proportion  of 
the  grd'Ssy  vegetation  of  the  great  plains. 

GRASSES  OF  MONTANA. 

Prof.  F.  L.  Scriber,  of  Girard  College,  Philadelphia,  an  accomplished 
botanist,  spent  the  pa«t  summer  in  Montana  in  an  investigation  of  the 
agricultural  capabilities  of  tbe  country,  and  he  has  furnished  some  val- 
uable notes  on  the  grasses  of  that  region,  from  which  we  give  the  fol- 
lowing selections : 

^'Beckmannia  erucafonnis. — Grows  along  the  wet  banks  of  streams, 
rivers,  and  irrigating  ditches,  never  away  from  a  constant  and  abundant 
supply  of  water.    In  favorable  localities  it  attains  the  height  of  3  feet, 
and  yields  an  abundance  of  tender  herbage.    Well  adapted  for  cultiva-* 
tion. 

"  Hierochloa  borealis. — Common  along  the  streams  and  rivers  in  the 
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mountainous  districts,  frequently  occupying  extensive  areas  to  the  ex- 
clusion of  all  other  grasses. 

^^Alopecurua  glnuctis. — Very  common  along  mountain  streams  and  fre- 
quently covering  acres  of  the  so-called  mountain  meadows.  Its  slender 
but  leafy  culms  grow  to  the  height  of  3  feet  or  more,  and  it  is  called  in 
some  localities  '  native  timothy,'  which  it  resembles  in  habit.  It  yields 
to  the  acre  a  great  bulk  of  fine,  long,  bright-colored  hay,  for  which  pur- 
pose it  is  often  harvested  and  highl}'  valued.  It  has  little  value  for 
grazing.  It  grows  most  luxui^iautly  between  the  altitudes  of  5,000  and 
6,000  feet.  Under  cultivation  I  see  no  reason  why  this  grass  should  not 
become  as  celebrated  on  the  great  western  plateau  as  is  its  near  rela- 
tive, the  mea'dow  foxtail,  in  the  moist  climate  of  England. 

'*  Stipa  comata, — Common  on  the  bench  lands,  growing  in  soil  too 
gravelly  and  thm  for  Poa  ten  iii/oUa.  In  richer  soil  it  grows  tall  and 
produces  a  great  abundance  of  forage. 

"  iStijya  viridula. — This  is  tbe  most  valuable  of  the  Stipas,  growing  in 
light,  sandy  loam,  frecjuently  covering  large  areas  to  tlie  exclusion  of 
other  species.  In  fiivorable  localities  it  attains  the  height  of  3  feet. 
The  associated  si)ecies  are  Sti2)a  comata^  Poa  ienui/oli a jRud  Kot^hria  crh- 
tata. 

'^Eriocoma  {Oryzopsis)  cuspidataj  abundant  on  the  lower  sandy  bench 
lands  bordering  the  Missouri.  It  is  one  of  the  esteemed  '  bunch  grasses' 
and  thrives  on  soil  too  sandy  for  other  valuable  species. 

^'PhJeum  alpiniimj  called  'jmtive  timothy ;'  it  grows  in  mountaiuoas 
regions  near  streams,  ascending  to  the  altitude  of  seven  or  eight  thou-  \ 
sand  feet.    At  elevations  between  five  and  six  thousand  feet  I  have  seen  ! 
this  grass  growing  in  rich  open  woods  along  with  common  timothy  i 
(PhJeiim  pratense),  and  it  was  the  more  luxuriant  of  the  two — not  so  tall, 
perhaps,  but  growing  to  the  height  of  2  feet,  with  larger  and  more  leafy 
culms.     I  see  no  reason  why,  in  the  region  where  this  grass  grows  nat- 
urally in  such  luxuriance,  it  may  not  take  the  place  in  cultivation  of  the 
well-known  and  justlv  valued  timothv  of  the  East. 

^''AgrostiH  exarata, — Grows  onl^'  along  the  rich,  moist  banks  of  streams 
in  the  mountain  districts.  Apparently  a  valuable  grass  to  introduce 
into  cultivation. 

^^  Deyeuxia  Canarlensis, — Common  along  streams.  There  is  a  species 
Mxed  to  Deyeuxia  neglecta^  perhaps  only  a  variety  of  it,  that  grows  uih>u 
the  dry  bench  lands  along  with  Poa  tenuifoUa  and  luder'm  cristata^RuA 
so  closel}'  resembling  the  latter  in  habit  that  at  a  little  distance  ii  is 
difficult  to  distinguish  the  one  from  the  other. 

"  Deschampsia  c(vspitosa  is  common  in  moist  meadows  even  when  the 
soil  is  highly  alkaline.  It  yields  an  abundant  growth  of  stalks  and 
leaves,  and  may  have  some  value,  but  it  is  not  recognized  as  a  forage 
plant. 

''  Bouteloua  oUgoHtachya^  the  '  bulialo  grass/  of  Montana.  Abundant 
on  the  lower  benches  at  elevations  of  from  3,000  to  4,500  feet,  and 
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regarded  as  oiie  of  the  aiiost  valuable  of  tbe  forage  grasses.  It  stands 
tramping  better  tlian  any  other  species,  and  comes  in  when  other  species 
Lave  been  tramped  out.  Its  fine,  curly  leaves  make  a  dense  turf  of 
liighly  nutritious  herbage.  The  true  buffalo  grass  (Buchloe)  was  not 
seen. 

'^  Kwleria  cristata,  called  '  June  grass,'  is  very  common  on  the  bench 
lands,  disputing  possession  with  Poa  tennifoUa.  These  two  may  be  said 
to  be  the  most  common  grasses  of  the  low  districts. 

^^ I/iHtichlis  mariiima,  or  'salt  grass,'  is  common  in  alkaline  soil 
along  the  rivers.  It  is  of  little  or  no  value  for  forage,  and  considered  a 
gi-eat  nuisance  in  agriculture,  as  its  tough  and  matted  roots  form,  a  sod 
that  is  almost  impossible  to  be  broken  up. 

"Poa. — All  the  Poas,  wherever  growing  in  abundance,  yield  much  ex- 
cellent food  for  stock.  On  the  mountain  tops  we  find  Poa  alpindj  Poa 
la  ca,  and  Poa  cwaia,  Poa  Xtvadensis  is  common  along  mountain  streams 
and  on  the  sloi)es  we  find  Poa  serotina  and  Poa  nemoralis.  Poa  praioisis 
is  truly  indigenous,  and  grows  abundantly  along  the  streams  and  rivers. 
Poa  ienvifoUaj  in  its  various  forms,  may  be  called  the  grass  of  the  coun- 
try. It  constitutes  the  chief  forage  upon  thedryest  bench  lands,  where 
it  is  called  '  bun(;h  grass,'  or,  on  account  of  its  reddish  color,  *  red-top.' 
Another  local  name  is  'red-topped  butt'alo  grass.'  In  dry  situations 
its  culms  are  low  and  slender,  and  the  foliage  is  confined  to  the  dense 
radical  tuft,  the  leaves  of  the  stem  being  very  short  and  of  little  ac- 
count.  When  growing  in  rich  soil,  along  streams  or  on  land  naturally 
irrigated,  it  makes  a  luxuriant  growth  of  stems  and  foliage  2  to  G  feet 
high;  and  a  field  of  Poa  temiifoUa  in  bloom  presents  as  fine  au  appear- 
ance as  does  a  field  of  Kentucky  blue  grass  in  the  East,  and  the  pro- 
duce per  acre,  I  should  think,  nearly  the  same.  This  and  Jueleri  cristata 
are  usually  associated,  and  both  bloom  about  the  same  time,  June  15 
to  30.  As  fine  a  field  of  natural  grasses  as  I  saw  in  Montana  contained 
Poa  tenuifoHa^  Kiekria  cristata,  ^Stipa  viridula,  and  Stijya  comata  as  the 
leading  species,  the  Poa  being  the  most  abundant.  In  this  field  the 
Stlpajs  M'ere  unusually  fine,  overtopi)ing  the  other  grasses. 

^^Festuca  scabrella,  the  ^  great  bunch  grass'  and 'buffalo  bunch  grass,' 
is  one  of  the  principal  grasses  of  the  country.  It  is  the  i>revailing  species 
ou  the  foot-4iills  and  mountain  slopes  at  from  six  to  seven  thousand  feet, 
In  respect  to  elevation  above  the  sea,  the  following  is  the  order  of  the  most 
importaut  grasses  of  the  glazing  lands  of  Montana:  Bouteloua  oUyos- 
tnckya^  Poa  tenuifolia^  Kwleria  cristata,  and  Agropyrum  glaucum  occupy 
the  low  lands  and  benches;  then  Agropyrum  divergens ;  above  this 
is  FeatHca  ovina,  var.,  and  above  all  comes  Festuca  scahrella.  In  any 
ot  the  mountain  valleys  the  belts  of  altitude  occupied  by  these  grasses 
are  well  defined:  First  and  lowest,  Poa  tenu folia  prevails;  between  this 
and  Fentnca  ovina  there  is  usually,  though  not  always,  a. belt  oi  Agro- 
pyrutu  dirergens.  Usually,  at  about. 0,000  feet,  Festuca  ovina  gives  way 
to  Festuca  scahrella.    The  latter  may  be  regarded  as  the  more  abundant 
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and  valuable  species  of  the  two.  It  is  rather  too  hard  a  grass  for  8beei>, 
but  there  is  uo  more  valuable  grass  on  the  *  summer  rauges'  for  cattto 
and  horses.  It  makes  excellent  hay  for  horses,  and  is  cut  in  large  quan- 
tities for  this  purpose.  It  grows  in  large  tussocks,  making  it  rather 
a  difficult  grass  to  mow  with  a  machine.  Festuca  otlna,  var.  prevails  in 
the  mountain  regions  on  a  line  of  altitude  just  below  Festuca  scabreUaj 
growing  in  close  bunches,  and  yields  a  large  amount  of  forage  for  all- 
kinds  of  stock. 

^^Agropyrum  ghnicum,  'blue-joint'  and  'blue-stem,'  is  the  most 
highly  praised  of  the  native  grasses  for  hay.  Wherever  this  grass  oc- 
cupies exclusively  any  large  area  of  ground,  as  it  frequently  does  in  the 
lower  districts,  especially  near  Fort  Benton,  it  is  cut  for  hay.  ]S^atar- 
ally,  it  does  not  yield  a  great  bulk,  but  its  quality  is  unsurpassed.  It 
has  a  tough,  creeping  root,  like  the  '  couch  grass'  of  the  Eastern  States, 
and  by  some  is  regarded  as  a  variety  of  it.  After  two  or  three  cuttings 
the  yield  of  hay  diminishes  so  much  that  it  is  scarcely  worth  the  harvest- 
ing. An  effectual  way  to  increase  the  stand  of  grass  after  a  succession 
of  cuttings,  as  proved  by  actual  experiment,  is  to  drag  over  the  sod  a 
short-toothed  harrow,  which  breaks  up  the  roots  or  underground  stems, 
and  each  fragment  of  root  then  makes  a  new  plant. 

^^ Hordeum  jtibatum,  or  'fox- tail  grass,'  is  common  on  the  low  lands, 
especially  where  there  is  moisture.  It  is  looked  ui)on  as  one  of  the 
worst  of  weeds.  Its  presence  with  other  grasses  destroys  their  value 
entirely  for  hay. 

'<  Flymus  condensatvs,  or  '  wild-rye  grass,'  is  the  only  species  that  is 
known  popularly.  It  grows  along  the  streams  and  rivers,  often  covering 
extensive  areas.  It  is  valued  chiefly  as  a  winter  forage  grass.  It  yields 
a  great  bulk  of  coarse  hay,  but  is  rarely  harvested.  When  growing  in 
fields  of  *  blue-joint '  the  blue-joint  is  cut  and  the  rye  grass  is  left  stand* 
ing.  If  cut  before  flowering  it  makes  a  good  hay,  but  if  left  until  it 
comes  into  flower,  it  is  not  only  too  hard  for  hay,  but  is  too  bard  to 
cut,  excei)t  with  a  bush-scythe." 

In  connection  with  this  subject  the  question  arises,  what  effect  will 
continued  pasturage  have  upon  the  perpetuity  of  the  grasses  comi>osing 
these  great  pasture-fields  !  Probably  in  the  course  of  time  certain  spe-* 
cies  will  disappear,  being  unable  to  withstand  the  constant  tramping 
and  cropping  by  cattle  and  sheep,  and  it  will  be  necessary  to  fill  their 
l)lace  with  more  hardy  species.  If  this  is  not  done  by  self-propagation 
it  will  then  become  necessary  for  the  proprietors  of  the  land  to  make 
selection  from  the  native  species  which  prove  hardy,  or  to  seek  out  suit- 
able species  from  other  countries.  It  can  hardly  be  doubted  that  among 
our  very  many  native  species  there  are  those  which  will  meet  the  re- 
quirements of  the  occasion,  but  much  careful  observation  and  many 
trials  and  experiments  will  need  to  be  made  before  the  question  is  satis- 
factorily determined.  To  an  intelligent  i)erformance  of  this  work  a 
knowledge  is  first  required  of  the  characteristics,  habits,  and  names  of 
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the  species  now  occupying  the  ground,  and  a  very  important  aid  to  the 
acquisition  of  this  knowledge  will  be  found  in  the  present  work,  with 
its  descriptions  and  figures  of  a  large, number  of  the  common  grasses 
now  prevailing  in  different  parts  of  the  country.  A  careful  study  of 
these  and  comparison  with  the  living  plants  will  enable  an  ordinary^ ob- 
server to  identify  the  grasses  which  may  come  under  his  observation^ 

A  chapter  is  also  presented  on  the  structure  and  characteristics  of 
grasses  in  general,  their  various  organs  and  parts,  and  the  technical 
terms  by  which  they  are  distinguished. 

Where  the  species  of  a  genus  or  order  of  plants  are  so  numerous  and 
so  closely  related  as  they  are  in  the  case  of  the  grasses  it  is  impossible, 
without  an  immense  repetition  of  words,  to  describe  accurately  the  dif- 
ferences between  different  kinds  by  the  use  of  popular  language.  Any 
one,  therefore,  who  may  wish  to  obtain  an  accurate  acquaintance  with 
them  will  find  it  necessary  to  learn  something  of  the  botanical  terms  used 
in  describing  plants.  We  hope,  therefore,  that  the  reader  will  not  be  dis- 
mayed by  the  use  of  the  technical  descriptions,  but  will  cousult  the 
glossary,  where  the  terms  are  explained. 

Among  the  younger  readers,  and  especially,  we  may  hope,  among 
agricultural  students,  there  are  many  who  will  be  glad  to  have  precise 
and  scientific  descriptions,  for  this  is  an  age  of  progress,  and  an  age 
when  even  the  labor  of  the  farm  mav  be  enlivened  and  beautified  by 
mental  improvement  and  by  a  scientific  knowledge  of  the  common  ob- 
jects of  life. 

For  a  close  study  of  the  flowers  of  grasses  a  small  magnifier  or  lens, 
single  or  double,  will  be  needed.  One  magnifying  five  to  ten  diameters 
will  be  sufficient,  and  such  a  one  can  generally  be  purchased  at  a  jewel- 
er's for  a  dollar  or  two. 

Within  the  limits  of  the  United  States  there  are  about  six  hundred 
species  of  grasses,  mostly  native,  a  few  naturalized  from  other  coun- 
tries.  Many  of  these  species  are  either  too  small,  too  coarse,  too  sparse, 
or  in  some  other  way  wanting  in  the  character  needed  for  a  good  agri- 
cultural grass.  But  it  is  certain  that  among  this  great  number  there 
are  some  which  will  be  found  suitable  for  cultivation  at  least'in  special 
'districts.  We  have  here  selected  from  all  parts  of  the  country  about 
one  hundred  and  twenty  species  for  description  and'Hlustration. 

GENERAL  REMARKS   ON   GRASSES. 

The  name  grass  in  popular  usage  is  by  no  means  a  definite  term,  as 
it  is  often  applied  to  plants  which  have  no  botanical  relationship.  In 
a  popular  sense  it  includes  the  sedges,  rushes,  various  plants  with  grass- 
like  leaTCS,  and  sometimes  such  widely  different  plants  as  plover.  On 
the  other  hand,  many  persons  will  be  surprised  on  being  informed  that 
all  the*^real8,  as  wheat,  barley,  rye,  oats,  sugar-cane,  sorghum,  Indian 
com,  rice,  and  bamboo  are  true  grasses.  In  this  paper,  however,  we 
consider  mainly  such  grasses  as  are  used  for  pastures,  meadows,  or  fod- 
der purposes,  or  which  have  some  importance  in  that  direction. 
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GENERAL  DESCRIPTION  OF   GRASSES. 

A  grass  possesses  tbe  following  parts :  (1)  the  root,  (2)  the  culm, 
(3)  the  leaves,  ^4)  thesBowers. 

(1.)  The  roots  are  the  fibrous  ramiticatious  which  extend  downward 
into  the  ground  and  appropriate  the  water  or  other  liquid  nutriment  to 
be  conveyed  into  the  stem  and  leaves. 

(2.)  The  stem  or  culm  is  the  ascending  part  which  commonly  rises 
above  ground,  either  erect  or  reclining.  Sometimes  the  culm  is  hori- 
zontal and  subterranean,  sending  out  erect  branches  and  fibrous  roots 
at  the  joints.  These  are  called  creeping  stems,  or,  improperly,  creepiDg 
roots.  They  are  botanicall^'  called  rhizomes,  and  sometimes  are  sev- 
eral feet  long.  In  some  grasses  there  is  a  kind  of  bulb  at  the  base  of 
the  stem,  in  which  is  stored  a  concentration  of  nutriment  for  the  support 
of  the  plant  under  peculiar  circumstances,  as  in  protracted  drought. 
This  bulbous  formation  is  a  part  of  the  stem,  and  not  of  the  root.  Tiie 
stem  or  culm  of  grasses  is  usually  cylindrical  and  hollow;  sometimes  it 
is  more  or  less  compressed  or  flattened.  It  is  divided  at*  intervals  by 
transverse  thickened  portions  called  joints  or  nodes,  at  which  points 
leaves  and  sometimes  branches  are  given  off.  These  nodes  tend  also  to 
strengthen  the  stem.  Stems  are  usually  simple  and  unbranched,  except 
at  the  top,  where  they  commonly  divide  into  the  more  or  less  numeroas 
branches  of  the  panicle  or  flowering  part.  -But  some  stems  give  rise 
from  the  side  joints  to  leafy  branches,  which  may,  like  the  main  stem, 
produce  smaller  panicles  at  the  top. 

(3.)  The  leaves  take  their  origin  at  the  nodes  or  joints  in  two 
ranks — that  is,  they  are  placed  alternately  on  opposite  sides  of  the  stem 
at  greater  or  less  distances — thus,  the  first  leaf  will  be  on  one  side,  tbe 
second  on  the  opposite  side  a  little  higher  up,  the  third  still  higher  and 
directly  over  the  first,  the  fourth  over  the  second,  and  so  on.  Tbe 
leaves  consist  of  three  parts :  (I)  the  sheath^  (2)  the  ligule,  and  (3)  tbe 
blade.  The  shexdli  is  that  part  which  clasps  the  stem.  It  is  generally 
open  on  one  side,  as  will  be  readily  observed  in  the  leaves  of  a  coru- 
stalk,  but.  in  some  grasses  the  sheath  is  partly  or  even  completely 
closed  together  by  the  adhesion  of  the  opposite  edges.  The  sheath  is 
analogous  to  the  utem  or  petiole  of  the  leaves  of  many  higher  plants. 
The  Ugtde :  At  the  point  where  the  blade  of  the  leaf  leaves  the  stem,  at 
the  top  of  the  sheath  and  on  the  inner  side,  there  is  usually  a  small 
thin,  leaf  like  organ,  called  the  ligule  or  tongue.  This  is  sometimes  halt* 
an  inch  long,  more  commonly  only  two  or  three  lines,  and  sometimes  it 
is  almost  absent  or  reduced  to  a  short  ring,  but  its  length  and  size  is 
very  constant  in  the  same  species.  This  ligule  represents  the  stipules 
which  occur  at  the  base  of  the  leaves  in  many  of  the  higher  plants. 
The  blade  or  lamina  of  the  leaf  is  the  expanded  part  which  is  coijnnouly 
called  leaf.  In  the  majority  of  grasses  the  leaf  is  long  and  narrow ; 
that  is,  many  times  longer  than  wide.    There  is  one  central  nerve,  called 
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midnerre  or  wiWri ft,  extending  to  the  point  of  the  leaf,  and  nnnierous 

lines  or  nerves  on  each  Side  running  parallel  to  each  other,  and  not 

mecteil  bj  transverse  nerves  and  not  giving  off  branches  as  in  the 

[her  plants.     These  leaves  are   in  some  species  rough,  in  others 

)th,  hairy,  or  downy,  &c.    The  agricultural  value  of  a  grass  depends 

inly  upon  the  quantity,  quality,  size,  and  nutritive  properties  of  the 

'es. 

k)  The  flowers :    The  flowers  of  the  grasses  are  generally  at  the  end 

fhe  stem  or  the  side  branches,  sometimes  very  few  in  number,  some- 

^s  in  great  abundance,  sometimes  in  a  close  spike,  and  sometimes  in 

:iiiV/e,  with  many  spreading  branches  or  rays.    The  flowers  may  be 

^le  ou  the  branches  or  on  the  jyedicels,  or  they  may  be  variously  clus- 

td.    In  the  common  red-top  {Agrosiis  alba  or  A.  vulgaris),  there  is  a 

^le  flower  v^t  the  end  of  each  of  the  small  branchlets  of  the  panicle. 

fh  of  these  flowers  is  inclosed  by  a  pair  of  small  leaf-like  scales  or 

r,  called  the  outer  or  empty  glumes.    The  flower  consists  of  (1)  the 

'ntial  organs  and  (2)  the  envelopes.    The  essential  organs  are  the 

}ens  and  pisiilSy  which  may  readily  be  seen  when  the  grass  is  in 

»m.    The  stamens,  of  which  there  are  usually  three  in  each  flower, 

list  of  the  anther  and  filament,  the  anther  being  the  small  organ 

ih  contains  the  pollen  or  dust  which  fertilizes  the  pistil  or  female 

m,  and  the  filament  being  the  threadlike  stem  on  which  the  anthers 

borne. 

le  pistil  is  the  central  organ  of  the  flower,  and  consists  of  three 
ts,  the  orary^  the  style,  and  the  stigmas.  In  most  of  the  grasses  the 
fles  are  divided  into  two  branches  which  have  a  handsome  plumose 
^arance.  The  stigmas  are  the  delicate  parts  at  the  extremity  of 
se  branches  which  receive  the  pollen  for  the  fertilization  of  the  flower, 
the  ovary  is  that  part  at  the  base  which  contains  the  future  seed. 
le  envelopes  of  the  flower  are  usually  two  leaf -like  scales  or  husks  in- 
iing  between  them  the«famew«andjpwfi/;  these  scales  face  each  other,. 
bein^  a  very  little  higher  on  the  axis  than  the  other,  and  also 
lally  smaller  and  more  delicate  in  texture.  This  smaller  scale  is  called 
^palet ;  the  other  larger  and  usually  coarser  one  is  called  the  Hoicer- 
glume ;  its  edges  generally  .overlap  and  partly  inclose  the  palet. 
'he  ^/foic^r  constituted  as  above  described,  together  with  the  pair  of 
ter  or  empty  glumes  at  the  base,  form  what  is  called  a  spikelet.  In 
ly  cases,  however,  there,  are  two  three,  or  more  flowers,  sometimes 
^u  ten  to  twenty,  in  one  spikelet,  in  which  case  they  are  arranged 
Btemately  on  opposite  sides  of  the  axis,  one  above  the  other,  with  a 
lair  of  emptj*  or  outer  glumes  at  the  base  of  the  cluster.  Such  may  be 
eeu  in  the  blue  grass  (Poa  pratensis),  fescue  grass  (Festuca)j  and  many 
ithers. 

There  are  innumerable  modiflcations  of  these  floral  organs,  and  upon 
he  diflferences  which  exist  in  them  the  distinction  of  genera  and  species 
.re  based.    In  some  cases  the  glumes  are  entire  in  outline,  in  some  they 
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are  toothed  and  lobed,  and  sometimes  running  out  into  a  slender  poiit 
called  an  awn,  sometimes  with  a  bristle  or  awn  on  the  back,  &c.  Thef 
also  vary  in  size  from  the  twentieth  part  of  an  inch  to  an  inch  or  moreiE 
length. 

Authorities  consulted. — In  the  preparation  of  this  work  reference  tun 
been  had  to  many  authorities,  both  scientific  and  practical.  Among 
those  who  have  written  practically  on  the  uses  and  the  cultivation  rf 
grasses  the  following-named  works  have  been  consulted  and  freqaentl| 
quoted.  Flint  on  Grasses  and  Forage  Plants ;  Grasses  and  their  Gnlturni 
by  Hon.  J.  Stanton  Gtould ;  Manual  of  Grasses  at  the  South,  by  C.  W.  | 
Howard ;  The  Grasses  of  Tennessee,  by  J.  B.  Killebrew ;  The  Farm* ; 
er's  Book  of  Grasses,  by  Prof.  D.  L.  Phares,  of  Mississippi. 

It  is  not  thought  necessary  here  to  take  up  a  systematic  classificatioa 
of  the  grasses  farther  than  their  arrangement  in  regular  sequence,  ai  • 
the  classification  will  be  found  fully  described  in  the  special  report  N<k 
63. 

tV^INTER  GRAZING  IN  THE  ROCKY  MOUNTAINS. 

An  article  by  General  Benjamin  Alvord,  in  a  recent  Bulletin  of  the 
American  Geographical  Society,  with  the  above  title,  is  deserving  of 
extended  publication  and  of  careful  study. 

Our  space  will  only  allow  us  to  give  an  abridgment  of  the  article. 

General  Alvord  says: 

Daring  the  last  foarteeu  years  a  revelation  has  dawned  on  the  people  of  the  United 
States,  rejecting  the  resources  for  winter  grazing  in  the  whole  Rocky  Mountain  n*  \ 
gion.    It  is  now  known  that  all  land  over  about  3,000  feet  above  the  level  of  the  Ma 
has  these  qualities,  viz,  that  without  shelter,  all  the  domestic  animals  can  find  ample 
food  on  the  nutritious,  summer-cured  grasses  of  t  hose  plateaus,  and  that  myriads  of 
those  animals  are  yearly  raised  by  the  great  capitalists  and  others  in  our  Weaten 
regions.    The  experiment  has  now  for  so  many  years  been  tried  that  it  is  not  ooft* ; 
eidered  at  all  problematical,  and  although  winters  of  great  .severity  may  occur,  it  ii 
admitted  that  on  an  average  the  losses  in  the  herds  by  the  vicissitudes  of  the  wea^MC  { 
do  not  exceed  5  per  cent,  of  the  whole  number.  ' 

General  Alvord  then  proceeds  to  explain  why  this  fact  was  so  lonf 
unknown : 

Surely  it  is  extraordinary  that  so  salient  a  fact  as  to  the  resources  of  this  country 
should  not  have  been  fully  known  until  the  completion  of  the  Union  Pacific  Railroad 
in  1869.  My  Army  station  from  1852  to  1865  was  in  Oregon  or  Washington  Teiritoiyi 
and  at  Omaha  from  1867  to  1871.  Thus,  I  was  throwp  in  the  course  of  my  official 
travels  into  regions  giving  me  opportunities  for  observation,  which  I  embraced.  But 
I  must  confess  that  notwithstanding  my  knowledge  of  the  benefits  of  the  cured  buneh* 
grasses  in  Oregon,  east  of  the  Cascade  Mountains,  and  my  large  intercourse  with  emi* 
grants  yearly  arriving  on  the  Pacific  slope,  and  with  the  officers  and  scientists  o( 
many  exploring  expeditions,  it  was  not  until  during  my  residence  in  Omaha  and  my 
journeys  over  the  Union  Pacific  Railroad  that  I  knew  of  the  immense  reooorces  for 
winter  grazing  on  the  Rocky  Mountain  plateaus  which  cover  probably  one-fourth  of 
our  whole  territory.  Our  total  area  is  4,000,000  square  miles,  and  we  can  safely  add  y 
that  the  region  for  winter  grazing  is  about  a  million  of  square  miles,  if  not  more— dcI  ; 
including  any  portion  of  Alaska.    The  moment  California,  New  Mexico,  and  the  other 
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territories  were  acquired  from  Mexico  in  1848,  our  Govern  meat  turned  its  attention  to 
the  Pacific  tdope,  and  to  the  neceaeity  of  a  Pacific  railroad,  and  sundry  exploring  ex- 
(leditioDS  were  organized  in  1853  to  examine  the  various  routes — northern,  southern, 
ftad  central.  Thf  se  expeditions,  and  those  preceding,  of  Lewis  and  Clarke,  of  Long, 
of  Bonneville,  and  of  Fremont,  gave  to  the  world  a  great  mass  of  information  of  all 
kinds  concerning  those  little  known  regions.  Each  of  the  Pacific  railroad  exploring 
|Mirtiee  had  scientists  of  the  greatest  repute  in  various  branches  of  investigation,  as 
geology,  botany,  and  natural  history,  and  had  with  them  experiepced  guides,  hunters, 
woodsmen,  mountaineers,  and  prairie-men;  and  all  these  were  as  ignorant  as  the  rest 
of  the  winter  resources  of  that  vast  domain.  The  reason  was  that  all  the  explorations 
Were  made  in  summer,  each  party  returning  to  winter  in  lower  altitudes  in  the  settle- 
ments without  any  attempt  to  discover  and  unveil  the  winter  characteristics  of  the 
■loontain  regions. 

We  learned  at  Oiraha  that  the  discovery  of  the  resources  of  the  Rocky  Mountain 
plateana  for  winter  grazing  was  really  made  during  the  war  by  the  parties  under  that 
enterprising  man,  the  late  Edward  Creighton  (afterward  president  of  the  First  Na- 
tional Bank  of  Omaha),  who  had  taken  the  contract  to  build  the  telegraph  line  from 
Omaha  to  San  Francisco.  One  winter  their  animals  were  left  to  graze  in  the  elevated 
pastures  of  those  regions,  and  were  found  in  the  spring  in  splendid  order  for  the  prose- 
cution of  their  labors.  This  fact  was  utilized  by  Mr.  Creigton,  and  it  was  the  founda- 
tion of  his  large  fortune,  made  in  great  part  by  stock-raising  in  Western  Nebraska  and 
Wyoming.  These  £Mts  soon  became  known.  By  the  time  the  Union  Pacific  Railroad 
was  completed,  in  1869,  the  enterprising  capitalists  and  herdsmen  of  the  West  were 
arona^  and  ready  to  avail  themselves  of  this  new  and  promising  mode  of  investment. 

Greueral  Alvord  proceeds  further,  as  follows : 

We  will  now  undertake  to  explain  the  anomaly  that  the  grasses  of  the  arid  plateaus 
are  ready  at  all  seasons  for  grazing,  whereas  in  winter  in  all  the  lower  altitudes  they 
ars  not.  Heat  and  moisture  will  cause  the  grasses  in  autumn  and  in  winter  to  rot. 
With  us  they  decay  and,  unless  cut  in  season,  cured  and  made  into  hay,  are  lost  to 
me. 

In  the  arid  Rocky  Mountain  plateaus  the  grasses,  as  they  stand  on  the  soil,  are 
cured  in  the  sun  during  the  summer,  the  action  of  heat  retaining  and  concentrating 
in  the  stalks  the  sugar,  gluten,  and  other  constituents  of  which  they  are  composed. 
This  is  true  of  the  bunch  grasses,  the  buffalo  and  grama,  and  many  similar  grasses 
which  pervade  those  regions.  It  is  so  cold  and  so  dry  in  those  elevations  that  there 
are  neither  heat  nor  moisture  to  rot  them.  And  the  snows  are  so  fine  (save  in  some 
exceptional  seasons)  in  that  cold  atmosphere,  that  they  are  so  blown  by  the  winds 
into  ^rifts,  that  four-fifths  of  the  soil  is  never  covered  by  them.  Thus,  the  grass. is  ever 
accessible  to  the  domestic  and  other  animals,  while  the  snow  is  so  fine  that  it  falls 
ftom  their  backs ;  therefore  they  are  not  encumbered  with  a  coating  of  frozen  snow, 
vhieh  in  the  lower  regions  would  go  far  toward  killing  the  poor  brutes.  They  find 
dielter  in  the  hollows,  bushes,  and  forests  during  very  severe  weather.  In  the  natu- 
lal  abodes  of  the  buffalo,  antelope,  and  other  wild  animals,  it  is  found  that  our  valued 
domestic  animals  can  in  like  manner  survive  the  winter.  Countless  millions  of  buf- 
fifeloes  have  ever  subsisted  on  the  buffalo  grass.  Although  our  domestic  animals  gen- 
erally prefer  the  other  grasses,  the  buffalo  grass  does  not  fail  to  be  one  of  their  re- 
tonices. 

The  difficulties  in  lower  altitudes  than  those  I  have  described  have  been  that  after 
a  warm  apeil  and  a  thaw,  the  snow  freezes  to  a  crust  and  the  grass  is  matted  down 
by  the  ice,  and  kept  from  the  stock.  East  of  the  Cascade  Mountains,  in  the  arid  por- 
tion of  Oregon,  bunch  grasses  and  cured  grasses  are  found  near  the  Dalles,  where  it  is 
I  <Mily  300  or  400  feet  above  the  sea.  In  December,  1852,  I  witnessed  such  a  thaw,  fol- 
I  lewed  by  freezing,  which  kept  the  oxen  from  getting  to  the  grasses,  and  consequently 
Urge  nnmbers  died  of  starvation.     If  they  had  been  wintered  near  Fort  Boise  or  any- 
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^fhere  3,000  feet  above  the  sea,  they  would  have  thriven  on  the  rich  bunch 

ever  accesnible  on  those  plains.     Sheep  should  always  have  shelter  from  the  coHl 

winds,  but  no  other  stock  requires  it. 

In  Texas  the  grazing  grounds  are  mostly  at  so  low  a  level  above  the  sea  that  tht' 
grasses  rot  in  winter.  Hence,  in  the  latter  part  of  winter,  the  animals  there  are  oftca, 
poor,  and  it  is  difficult  to  provide  food  for  them.  Thus  it  is  that  the  vast  herds  start^ii 
from  Texas  to  be  driven  to  market  acquire  flesh  and  improve  every  hundred  miles  flf 
their  journey  north,  as  they  reach  new  and  well-advanced  pastures. 

But  we  must  now  allude  to  another  element  which  prepares  the  elevated  Tegionsftr; 
winter  grazing,  viz,  that  the  climate  is  much  warmer  than  in  the  regions  east  €»f  it  ii 
the  same  latitude.     The  isothermal  lines  all  ascend  in  moving  westward. 

At  Omaha  cattle  and  horses  must  have  shelter  in  winter,  but  none  is  heeded  at  F<fffe 
Laramie.  The  extreme  severity  at  Fort  Buford,  Dak.,  1,900  feet  above  the  sea  is,  iA, 
like  manner,  contrasted  with  the  weather  at  Fort  Phil  Kearney  or  Powder  River.  t<,^ 
feet  above  the  sea,  or  with  the  winter  climate  of  Forts  Custer  and  Keogh. 

Scientists  are  not  yet  able  to  assign  satisfactory  reasons  for  these  anomalies;  i^ei^- 
haps  they  are  inscrutable.  Why  in  ascending  the  slopes  of  the  Rocky  Mann  tain  pla-: 
teans  a  wanner  climate  should  be  encountered  is  aprope/r  field  for  future  consideratiori:! 
and  investigation.     It  still  remains  a  paradox. 

We  can  make  the  following  statement  as  to  the  region  higher  than  3,000  feet  aboTV; 
the  sea,  fit  for  winter  grazing.  It  includes  all,  nearly  up  to  the  timber  line,  of  Moii»| 
tana,  Idaho,  Wyoming,  Utah,  Nevada,  Colorado,  and  New  Mexico,  and  five-sixths «lj 
Arizona,  oiie-half  of  Dakota,  one-third  of  Nebraska,  one-fifth  of  Kansas,  one-fonrth  o^ 
Texas,  and  one-sixth  each  of  California,  Oregon,  and  Washington  Territory.  Tb»| 
embraces,  as  we  have  already  said,  about  one-fourth  of  the  area  of  the  whole  United^ 
States.  I 

Strange  enough,  all  the  best  authorities  who  have  had  opportunities  for  comparisoftj 
say  that  those  regions  farthest  north  are  the  best.    Brisbin,  page  90, 
has  undoubtedly  the  best  grazing  grounds  in  America,  and  parts 
next.'^ 

The  writer  thus  engages  in  a  consideration  of  the  elevated  plateaus 
of  South  America,  Asia,  and  Africa,  and  a  comparison  with  those  of 
our  own  country,  and  thus  proceeds  as  follows  : 

I  shall  now  give  some  account  of  the  various  grasses  which  are  found  on  the  plateaus, 
and  which  are  summer-cured.     In  Appendix  C  will  be  found  a  letter  to  me,  of  Marck 
1,  1883,  from  Dr.  George  Vasey,  botanist  of  the  Department  of  Agriculture,  who  hm 
complied  with  my  request  to  give  me  a  concise  statement  of  the  names  of  the  pci»*! 
cipal  grasses.  i 

In  general  parlance  it  has  been  supposed  that  what  are  called  ''bunch  ''  grasses  ais| 
in  the  northern  portions  of  the  Rocky  Mountain  range,  and  that  the  ''^ama 
**  grama*'  grasses  were  peculiar  to  the  southern  territories  in  New  Mexico  and  Ari» 
But  I  am  satisfied,  from  personal  inquiries  of  travelers  (Maicy  and  Dntton  am 
others),  as  well  as  from  the  statements  of  the  botanists,  that  both  the  ''hnnch  " 
and  others  are  found  in  each  region.     But  it  seems  probable  that  the  **gama'' 
''grama"  grasses  are  found  in  the  greatest  abundance  in  the  more  sonthera  portionfl^ 
The  ** buffalo"  ^rass  or  grasses  (for  the  term  is  applied  to  more  than  one  kind) 
found  throughout  all  the  ranges  of  the  buft'alo  from  north  to  south.      The  t 
"bunch"  grass  was  given  because  it  grows  in  tufts  or  bunches  a  foot  or  more  I 
height,  sometimes  two  feet  apart,  so  that  the  aspect  from  surrounding  hills*  wo 
often  be  that  of  a  desert  region.     A  green  carpet  is  never  or  rarely  seen.      The  bu 
grass  grows  as  a  low  tuft,  and  it  is  summer-cured  as  it  grows,  like  the  other 
under  consideration. 

By  the  courtesy  of  General  F.  A.  Walker,  Superintendent  of  the  Census,  I  had  Xhi 
privilege  of  reading  (before  publication)  a  full  and  interesting  paper  by  Prof.  Williaai 
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B..  Hrewer  on  ^'  Pasture  aud  Forage  Plants."    lu  the  following  statement  I  have  often 
ftvailed  myself  of  some  items  from  it. 

The  term  *'  bunch  grass ^'  has  been  applied  to  several  kinds,  aud  we  will  uame  those 
promiuently  known  : 

The  Fesiaca  scabrella  is  the  one  best  known  on  the  Pacific  slope,  ranging  from  Cali> 
forma  to  Oregon  aud  Idaho. 

The  Fesluca  occidentalin  is  also  found  there. 

The  Festuca  orina  (or  sheep  grass)  in  several  varieties  is  found  throagh  the  whole 
re^^ion  of  winter  grazing,  and  beems  the  worhl  over  to  be  found  wherever  sheep  graze, 
Eriocoma  cu^tpidata  is  one  of  the  valuable  bunch  grasses  generally  prevalent. 
Of  the  grasses  termed  *' grama '^  Eragrostis  poaeoides  aud  Kragroslin  oxylepis  are  called 
l^raiua  grasses.    The  former  in  Texas  is  sometimes  called  one  of  the  buHalo  grasses. 

Mwnroa  squarrom,  Mr.  Brewer  says,  is  a  bnti'alo  grass  of  the  north,  and  one  of  the 
^rama  grasses  of  Texas.  Calamagroatis  longifolia  has  a  wide  range  aud  is  sometimes 
called  "mesquit''  and  grama  grass,  and  CaUtmagrostis  canadevsis,  sometimes  called 
**  bine  joint." 

The  terms  ^^gama"  and  ^^  grama"  are  not  interchangeable.  Mr.  Brewer  says  that 
Trip^acum  dactyloid&f  is  the  ^^gama  grass"  of  the  South — ^a  tall,  coarse  grass,  from  3  to 
7  feet  high — and  is  found  from  Texas  to  Illinois  and  Connecticut. 

Though  much  confusion  of  names  is  in  popular  use  in  reference  to  all  the  grasses  it 
seems  to  be  admitted  that  the  term  *'  buffalo  grass*'  is  applied  most  justly  to  Buchloe 
daciploides.  It  is  one  of  the  most  nutritious  of  grasses  and  pervades  the  whole  range 
of  the  Kocky  Mountain  plateaus. 

The  following  is  the  letter  of  Dr.  Vasey,  referred  to  iu  the  preceding 
paper: 

Dear  Sir  :  In  reply  to  your  request  I  offer  the  following  remarks  on  the  native 
grasses  of  the  great  plains  and  arid  poitious  of  the  West.  These  grasses  furuish  the 
chief  resource  of  the  immense  herds  of  buflaloes  and  the  vast  droves  of  donwstic  ani- 
mals which  feed  upon  the  plains,  and  from  the  habit  of  growth  are,  for  the  most  part, 
known  by  the  name  of  bunch  grasses.  They  are  chiefly  grasses  of  rigid  aspect,  at  least 
as  respects  their  culms  and  leaves,  some  of  them,  however,  formiug  a  diffuse  and  ele- 
gant panicle  of  flowers.  The  most  important  of  the  bunch  grasses  may  be  briefly 
mentioned  as  follows : 

Of  the  genus  Stipa  there  are  several  species.  Stipa  oomaUi  and  Stipa  aetigera  occur 
abundantly  in  New  Mexico,  Texas,  Arizona,  and  the  drier  regions  of  California,  reach- 
ing to  Oregon.  In  Colorado,  Kansas,  and  all  the  prairie  region  northward,  stretching 
into  British  America,  the  Stipa  Juncea  is  the  principal  one  of  the  genus.  On  the  higher 
plateaus  and  near  the  mouutains  the  Stipa  riridula  is  very  common,  extending  from 
Arizona  to  Orogon  and  British  America.  Somewhat  related  botanically  is  Eriocoma 
cHttpidataj  a  very  rigid  bunch  grass  with  a  flne,  handsome  panicle  of  flowers.  It  is 
equally  widespread  with  the  preceding.  Auother  widely-difl'used  grass  is  Airacaespi- 
togOj  varying  much  in  size  aud  thriftiuess  according  to  the  altitude  and  amount  of 
moisture  where  it  grows,  but  always  having  a  light,  elegant,  spreading  panicle  of 
silvery -gray  flowers. 

One  of  the  most  extensively-diffused  grasses  is  Koehria  eriatata,  varying  in  height 
from  one  foot  to  two  and  a  half  feet,  with  a  narrow  and  closely -flowered  spike.  Sev- 
eral species  of  fescue  grass  {Fedtuoa)  are  intermixed  with  the  vegetation  in  varying 
proportions;  the  most  important  of  these  are  probably  the  Festuca  ovinOj  in  several 
varieties,  and  Festuca  scahrella,  the  latter  especially  in  California,  Oregon,  and  Wash- 
ington. 

The  genus  Calamagrostia  furnishes  several  species,  which  contribute  largely  to  the 
vegetation  of  this  region.  They  are  mostly  tall,  stiff,  and  coarse  grasses,  but  leafy, 
aud  Home  of  them  very  nutritious.     Of  these  Calama>gro8ti8  sylvatica  and  C.  stricta  are 
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Iea8t  valuable.  Perhaps  the  best  of  them  is  CalamagrosHs  canadensis^  which  i» 
and  leafy.  Next,  perhaps,  in  value  is  Calamagrostin  aleuticOj  of  California  andOre^ps, 
extending  into  Alaska.  CalamagroslU  longifolia,  confined  chiefly  to  the  plains  eafst  «f 
the  Rocky  Mountains,  is  tall  and  reed-like,  gro«ring  in  dense  cluinpR,  from  four  to  mt 
feet  high.  Several  species  of  Andropogon  are  diffused  from  ArizolTa  to  Bnltish 
ica  on  the  plains,  bnt  are  not  found  on  the  western  coast.  They  are,  however, 
properly  called  bunch  grans,  as  their  habit  of  growth  is  more  spreading.  The  prinn- 
pal  species  are  Andropogon  sooparius.A.  /urca<ti9,  and  A.  nutans.  Some  of  theoi  an 
known  throngh  the  plain  region  as  blue-joint  or  blue-stem.  Others,  more  8pariit|:l| 
spread,  are  several  species  of  Poa  and  Gfgcena.  Several  varieties  of  'JriticMmrf^tm 
or  couch  grass  occur  abundantly  in  saline  soils,  and  are  among  the  most  uittriiionBoi 
gi*aHses.  JirUopjfrum  sjyicatvm  and  species  of  Viffa  and  Siforobolus  also  form  extetiflvi 
patches  or  meadows  in  saline  soil.  Besides  the  grasses  already  mentioned  there  an 
a  large  number  of  low  growth  and  more  diffused  habit,  which  are  known  in  the  Soatki 
west  and  east  of  the  Rocky  Mountains  under  the  frames  of  mesqnit  and  bvlfak 
grasses.  The  former  belong  mostly  to  the  genus  Ronltloua^  the  most  im]iortantsp^^ei 
being  R.  curtipendula^  or  tall  mesqnit,  and  B.  oligottiachya  and  B,  hirsuta^  or  low  me» 
quit.  The  trnc  buffalo  grass  is  botftnically  Buchloe  dactyloides,  which  in  some  pi 
forms  extensive  fields  of  its  low  and  densely-tufted  growth.  Another  similar 
spreading  out  in  low  patches  is  Munroa  nquarrona.  The  above-mentioned  species  forn 
the  larger  proportion  of  the  grassy  vegetation  of  the  great  plains. 
Respectfully, 

GEO.  VASEV, 

Botmniift. 
General  Ben.iamin  Alvokd. 

REPORTS  ON  GRASS  AM)  GRASS   CCLTCRE   FROM  ALL   PARTS   OF  THE 

UNITED  STATES. 

In  1882  circulars  were  seut  out  by  the  Oomniissioner  of  Agriculture 
to  agriculturists  and  farmers  in  all  parts  of  the  country  asking  iufor 
niation  as  to  the  natural  pasture  grasses  of  this  district,  what  kind  of 
natural  and  cultivated  grasses  were  used  for  hay  and  pasture,  and  whHt 
grasses  could  be  suggested  for  experiment.  A  large  nunil>er  of  reiwrt* 
were  received  and  compiled  by  the  assistant  botanist,  W.  P.  Gonant,  aDd 
a  summary  of  the  results  is  herewith  given.  As  a  general  thing  the  cor- 
respondents were  not  acquainte<l  with  the  botanic  or  technical  names  of 
the  grasses,  and  gave  the  common  or  local  name  where  there  was  one.  It 
frequently  happens  that  the  same  grass  will  have  different  local  names 
even  in  places  not  far  remote  from  each  other,  and  also  that  the  same 
name  will  be  applied  to  grasses  very  unlike.  Many  have  no  common 
name  and  are  referre<l  to  as  wild  grass,  woods  grass,  swamp  grass,  &c. 

So,  in  examining  the  reports,  a  perplexing  difficulty  was  often  en- 
countered in  not  being  able  to  determine  to  what  8i>ecies  a  grass  be- 
longed from  the  name  given.  In  some  instances  this  difficdlty  was  ob- 
viated by  obtaining  specimens  of  the  plants  referred  to;  in  others  they 
were  not  sent  or  failed  to  reach  here. 

The  reports  were  sent  in  with  commendable  promptness,  and  all 
eviaced  a  great  interest  in  the  subject,  and  expressed  a  strong  desire  t« 
aid  the  undertaking  by  all  means  in  their  power. 
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WASHINGTON  TERRITORY  AND  OREGON. 

From  Washington  Territory  twelve  reports  were  received,  and  from 
Oregon  thirty-one.  They  are  so  much  alike  that  we  consider  them  to- 
g:ether. 

NATIVE  PASTURE  GRASSES. 

'Bnnch-grass  is  fonnd  in  the  drier  places  and  on  the  hills ;  wild  pea- 
vine  and  a  few  wild  grasses  in  the  timber;  clover  upon  bottom-lands; 
vrild  rye-gra8S,  a  species  of  elymus^  upon  lowlands,  and  a  variety  of 
mixed  grasses  upon  the  prairies. 

Several  species  of  grass  are  called  bnnch-grass,  the  principal  of  which 
are  Poa  teiiuifolia^xxtt^  Festuca  scabrella^  Eriocoma  cuspidata^  s^nd  some 
of  the  species  of ^Stipa. 

Sunch-grass,  which  formerly  was  the  principal  pasture  grass  upon 
tbe  uplands,  has  become  about  extinct,  partly  from  the  land  being  taken 
for  cultivation  and  partly  from  overfeeding.  Its  place  has  been  taken 
by  wild  chess  {Bromus  secalinus)  and  other  poor  grasses. 

But  little  native  grass  is  cut  for  hay ;  some  little  wild  red-top,  wild- 
rye  grass,  salt-marsh  grass  upon  tide-wsiter,  and,  east  of  the  Cascadeo, 
a  little  bunch -grass  is  cut. 

CULTIVATED   GRASSES. 

Timothy  is  found  universally  distributed  throughout  this  section,  and 
has  become  so  well  t3tablished  that  some  consider  it  indigenous.  It 
has  so  tenacious  a  hold  upon  the  soil  that  it  can  scarcely  be  killed  out. 
As  a  hay  grass,  timothy  has  no  superior ;  for  a  pasture  grass,  it  gives 
out  too  early  in  July. 

Next  in  general  dififnsion  come  the  clovers  and  orchard  grass.  Red- 
top,  also,  is  quite  common.  Kentucky  blue- grass,  though  not  so  exten- 
sively introduced,  seems  well  adapted  to  some  portions  of  this  section. 

The  soil  and  climate  of  Oregon  and  Washington  Territory  are  ad- 
mirably adapted  to  the  culture  of  grass,  and  any  kind  will  do  well  if 
allowed  a  fair  chance.  There  is  a  great  diversity  of  soil ;  and  often  on 
the  same  farm  all  kinds  may  be  found,  from  the  black  sandy  loam  to 
red  clay. 

From  some,  come  inquiries  for  a  grass  that  will  do  well  upon  lands 
woru  out  by  constant  wheat-cropping ;  others  say  that  they  are  sowing 
clover  on  their  exhausted  lands  to  recuperate  them,  and  no  better  ad- 
vice can  be  given  the  former  than  to  do  likewise.  By  this  means  the 
tired  lands  can  soon  be  restored  to  fertility. 

A  better  way,  and  one  which  the  intelligent  farmers  will  soon  learn 
to  follow,  is  to  avoid  depleting  the  land  at  all,  but  by  a  suitable  rota 
tion  of  crops,  among  which  the  clovers  and  grasses  should  have  a  prom- 
inent place,  the  lands  can  be  kept  in  a  normal  state  of  fertility,  and, 
being  naturally  rich,  will  yield  a  generous  reward  to  the  husbandman's 
toil. 
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CALIFORNIA. 

From  California  thirty-seven  reports  were  received.    They  give 
following  as  the  principal  grasses: 

NATIVE   PASTURE   (tKASSES. 


, 


Wild  oats  {Avena  fatua)j  alfilaria  {Erodium  cimtarivm)^  burclovi 
(Medicago  denticulata),  wild  clovers,  of  which  there  are  several  sp 
and  bunch-grass,  in  the  order  named.     In  the  northern  part  of  the  Si 
a  little  wild  rye-grass  [Elymun)^  wild  red-top,  and  wild  pea-viue 
found. 

Accounts  from  the  central  and  southern  counties  stat-e  that  the  nati! 
bunch- grass,  which  formerly  furnished  a  nutritious  feed  for  a  large  \\ 
of  the  Pacific  slope,  has  of  late  years  become  about  extinct,  and  in  s< 
sections  the  alfilaria,  bur-clovex,  and  other  forage  plants,  which  wf 
found  on  the  uncultivated  lands  during  spring  and  early  summer, 
slowly  but  surely  dying  out,  and  their  places  are  being  taken 
worthless  grass  that  nothing  will  eat  green  or  dry. 

Mr.  C.  O.  Tucker,  of  Ballena,  attributes  this  gradual  disappeai 
of  the  native  grasses  to  the  constant  and  too  close  pasturage  at 
prior  to  the  time  for  matuiing  their  seeds,  and  to  a  too  persistent 
turage  with  sheep  at  other  times,  causing  th^  ground  to  become  tl 
oughly  trodden  and  compacted.    This  has  been  followed  during 
last  few  years  by  unusually  hot  and  dry  summers.    He  knows  of 
section  where  the  need  of  useful  forage  plants  is  more  severely  felt 
here. 

Mr.  Mart.  Walker,  of  Saint  Helena,  says  that  there  is  an  intense 
sire  among  farmers  to  obtain  a  grass  capable  of  resisting  the  int4 
heat  and  drought  of  summer,  and  afford  grazing  for  cattle  daring 
period,  and  if  possible  one  that  will  grow  on  poor  soil.     For  the  wi 
of  some  such  resource  many  districts  are  fast  becoming  worthless, 
says  that  this  results  from  the  system  of  continuous  cropping  to  w] 
the  land  has  been  subjected  for  the  last  thirty  years. 

NATIVE  GRASSES  CUT  FOR  HAY. 

Except  wild  oats  and  bur-clover  but  little  native  grass  is  cut  for  hag 
In  the  northern  part  of  the  State  a  little  wild-rye  grass,  wild  red  to| 
and  in  some  localities  rushes  are  cut.  { 

\ 

CULTIVATED   GRASSES. 

I 

The  various  grains,  as  wheat,  rye,  and  barley,  cut  when  in  the  mfl 
are  principally  relied  upon  for  hay  in  many  parts  of  California, 
come  as  volunteers,  or  very  often  after  the  grain  is  t>aken  off  a  ** 
cast "  of  seed  is  sown  on  the  stubble  at  the  first  rain  in  the  fall 
harrowed  in.     Wild  oats  are  cut  extensively,  and    alfalfa  {Medii 
sativa),  often  called  lucern,  is  cultivated  largel}'  for  hay,  especialiji 
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le  sonthern  part  of  the  State,  where  by  irrigation  large  crops  are 
lade. 

In  the  northern  and  central  counties  timothy  and  clover  are  cut  to 
Mue  extent,  and  are  commented  on  favorably.  Thus  far  but  very  lit- 
e  attention  has  been  given  to  this  subject.  The  general  system  of 
U'ming  in  vogue  here  is  so  different  from  that  of  other  parts  of  the 
lontry,  and  so  few  experiment*  have  been  made,  that  no  particular 
rasse8  or  forage  plants  can  be  recommended  at  this  time. 
Further  experiments  and  developments  will  have  to  determine  the 
D|)ortant  question. 

IDAHO   AND   MONTANA. 

Bunch  grass  is  common  throughout  the  hill  country.  In  the  lowlands 
ke  wild  rye  grass  and  otlier  coarse  grasses  are  found.  Timothy  is 
hind  successfully  cultivated  everywhere.     In   Idaho  clover  is  culti- 

i  ^^ 

hted  extensively,  especially  in  the  Boise  Valley,  where  some  very  large 
bops  are  reported.  Some  farmers  have  put  their  whole  places  in  it. 
!he  small  red  clover  is  preferred.  Alfalfa  succeeds  well  in  Montana. 
Timothy  and  clover  are  recommended  for  the  bottoms,  and  alfalfa  for 
be  "  bench  lands."  All  the  grasses  would  succeed  well  with  attention. 
Ihe  soil  and  climate  are  well  adapted  to  their  growth,  and  all  things 
(em  favorable  to  their  culture,  both  for  pasture  and  hay.  All  the 
jirmers  have  to  do  here  is  to  avoid  the  mistake  made  in  many  new  sec- 
fons,  that  of  overj>asturiiig  and  continuous  cropping,  and  for  years 

bcome  they  will  have  a  never-ceasing  source  of  wealth. 

I 

•   UTAH. 

'  The  principal  native  pasture  grasses  of  Utah  are  the  bunch  grass,  wire 
lass  {Juncus  Baltieus),  salt  grass)  Vil/a  depanperata)^  and  buffalo  grass 
mchloe  dactyloides).  The  wire  grass  and  salt  grass  are  cut  for  hay.  Lu- 
bru,  or  alfalfa  [Medicago  sativa)^  is  cultivated  for  forage  and  hay  to  a 
■eater  extent  than  anything  else,  aud  succeeds  well.  In  some  counties 
pireely  any  other  forage  plant  is  .cultivated. 

Clover  is  rejwrted  successful  in  some  ])laces  and  timothy  in  others, 
bough  neither  has  been  cultivated  largely. 

.  NEW  MEXICO. 

\  The  gramma  grass  [Bouteloua)  is  common  on  the  high  ground  through- 
»t  New  Mexico.  On  the  river  t)ottoms  there  is  a  little  blue  grass.  Al- 
Ufa  Las  been  cultivated  more  than  any  other  forage  plan  t,  and  on  the  bot- 
jonis  will  thrive  after  the  second  year  without  irrigation.    The  millets 

ve  been  raised  some,  and  should  receive  more  attention.     No  experi- 

uts  worthy  of  note  are  reported. 

The  reports  fi'om  Utah  and  New  Mexico  were  so  few  in  number,  and 
area  so  great  and  so  diversified  that  no  suggestions  can  be  made  as 

what  grasses  will  be  best  adapted  to  this  section.     Many  experi- 

ntswill  have  to  be  made  to  determine  this. 


K 
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TEXAS. 

NATIVE   GRASSES. 

From  Texas  there  were  sixty-nine  reports.  The  natural  pasture 
grasses  consist  of  the  mixed  grasses  usually  found  on  the  prainei 
which  occupy  so  large  a  part  of  the  State.  The  sage  or  sedge  graat 
holds  a  prominent  i)lace  among  them ;  but  when  overpastured  it  is  mm 
out,  and  the  mesquite,  both  hardier  and  better,  takes  it  place.  Tht 
mesquite  is  found  in  the  northern,  central,  and  southern  parts  of  thft 
State,  but  not  much  in  the  northeastern  part. 

The  term  mesquite  is  used  somewhat  indefinitely,  being  applied  toft 
number  of  grasses,  but  here  it  is  probable  that  the  buftalo  grass  of  the 
plains  {Buchloe  daciyloides)  is  meant.  It  is  found  chiefiy  on  the  blade 
lands.  The  gramma  grass  (Bouteloua)^  of  which  there  are  some  pati^hes, 
is  rapidly  disappearing,  and  is  being  replaced  by  the  mesquite.  Prairrt 
grass  thus  far  has  been  the  chief  reliance  for  hay  as  well  as  pasture. 

Texas  has  always  been  a  *great  stock-raising  State,  and  while  tM 
range  was  uninterrupted  no  attention  was  given  to  cultivating  grass  oi 
to  improving  ])astures.  But  of  late  years  portions  of  the  State  hav« 
been  rapidly  filling  up,  and  the  range  consequently  diminishing,  so  now 
the  farmers  are  giving  considerable  attention  to  improving  their  pasti 
ures  and  to  the  hay  crop.  This,  intelligent  farmers  write,  should  w 
ceive  all  the  encouragement  and  assistance  ]>ossible.  ' 

Mr.  Talley  says  that  the  greatest  difficulty  in  making  the  cultaH 
of  Kentuckj'  blue  grass  a  success  is  in  getting  it  -to  live  the  firal 
year.  The  same  remark  is  applicable  to  most  of  the  grasses.  The 
main  reason  of  failure,  he  says,  is  not  so  much  on  account  of  tb^ 
drought  as  on  account  of  the  nature  of  the  soil.  It  is  loose  and  porood 
and  dries  up  very  quickly  on  the  surface ;  hence  they  often  find  l( 
difficult  to  get  a  "  stand  "  of  turnips  in  the  fall  or  a  "stand  "  of  millet  ii 
the  spring.    The  soil  holds  moisture  well  below  the  depth  of  2  inehei 

He  further  says :  ' 

I  have  taken  great  interest  in  investipiting  the  subject  of  grasges.  and  luy  laliofl 
Tvere  awarded  by  tiudiug  a  much  greater  variety  on  my  place  than  I  had  ever  sitf 
pected,  and  all  I  have  to  do  18  to  cultivate  and  take  care  of  what  I  already  possed 
and  cut  the  weeds  to  prevent  their  shading  and  smotheriDg  out  the  grasses  alraa^ 
in  the  ground.  j 

Texas  is  naturally  a  great  State,  and  only  needs  fair  attention  M 
succeed.  eTohnson  grass  and  Bermuda  are  receiving  cousiderabi 
attention,  and  for  the  most  part  are  spoken  of  favorably. 

Bur,  or  California  clover,  does  well  in  this  State,  and  is  highly  «i 
teemed  in  California  for  the  feed  it  affords,  though  the  burs  or  seel 
pods  stick  to  the  wool  of  sheep  and  impair  its  value.  Alfalfa  is  cull 
vated  largely  here,  and  does  very  well.  Timothy,  orchard  g^ra-ss,  ad 
clover  are  not  reported  on  so  favorably  as  could  be  wished. 

The  millets  are  cultivated  quite  extensively  and  do  well.     Mr.  ChuU 
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[)f  Hempstead,  Waller  County,  Texas,  has  recently  sent  to  the  Depart.- 
ment  samples  of  several  kinds,  among  which  were  apeciuieua  of  the  so- 
called  double-headed  German  millet  4^  feet  high,  and  estimated  to 
yield  3  tons  to  the  acre. 

Mr.  W.  H.  D.  Garrington,  of  Austin,  says  that  there  is  but  one  native 
grass  cultivated  for  hay,  and  that  is  what  is  called  Colorado  bottom 
grass ;  sometimes  called  goose  grans,  and  in  some  places  Green  Kiver 
grass  {Panicum  Texanum).  The  method  of  culture  most  commonly 
adopted  is  the  same  as  that  for  crab  grass.  It  comes  voluntarily  after 
corn  is  '*  laid  by."  A  few  farmers  have  found  it  so  profitable  that  they 
plow  and  harrow  their  land  in  winter  and  cut  the  grass  as  soon  as  it  ma- 
tures. In  this  way  they  secure  two  crops  annually.  It  is  preferred  by 
all  kinds  of  stock  to  Hungarian  grass  or  to  oats  in  the  sheaf.  It  seeds 
itself  freely.  The  hay  sells  now  (February,  1882),  at  $25  per  ton,  while 
prairie  ha}'  sells  at  from  $10  to  $12  per  ton.  This  might  be  intro- 
duced into  the  other  Southern  States  without  requiring  any  change  in 
the  method  of  culture  generally  pursued.  It  is  figured  and  described 
in  the  report  for  1870. 

THE   SOUTHERN    STATES. 

Tlie  returns  from  Georgia,  Florida,  Alabama,  Mississippi,  and  Louis- 
iana are  so  similar  in  general  character  that  they  are  considered  to- 
gether,  differences  being  noted  as  they  occur. 

NATIVE   PASTURE    GRASSES. 

By  an  examination  of  the  returns  from  this  section,  crab  grass  {Patii- 
cum  sangninale)  is  found  to  be  the  most  extensively  diffused  pasture 
grass  for  summer  and  fall  grazinc:,  while  crow-foot  (Eldaine  Indica)  is 
quite  common  in  Georgia  and  Florida. 

The  sedge  grass  also  holds  a  prominent  place  as  a  ptvsture  grass  in 
Georgia,  Alabama,  and  Louisiana,  being  reported  from  nearly  one-half 
the  counties.  Several  grasses  are  called  sedge  and  broom  sedge.  They 
are  forthe  most  part  some  species  of  Andropogon  or  Stipa. 

Bermuda  grass  {Oynodon  dnctylon)  is  reported  in  over  one-third  of  the 
counties,  and  is  probably  growing  in  many  more,  and  though  an  intro- 
duced grass  it  has  become  so  well  established  that  it  is  generally  re- 
ferred to  as  a  native.  The  wild  x>ea  vine  is  also  plentiful  and  in  some 
places  quite  popular.  In  Florida  it  is  said  to  do  well  on  the  poor  sandy 
soil,  and  to  endure  the  heat  and  drought  of  summer.  Mexican  clover 
(Rickardsonia  sedbra)  is  spreading  over  the  sandy  uplands  along  the 
coast.  Tick  trifoil,  or  tickseed,  two  species  of  Desmodiumy  is  frequent 
iu  rich  woods,  and  is  esteemed  as  a  milk-producing  plant.  Nimblewill 
[Muhlenhergia  Mexioana  and  diffusa)  are  found  in  open  woods  in  the 
northern  and  central  counties. 

lu  Alabama  and  Mississippi,  Japan  clover  (Lesi)edeza  striata)  has 
i   spread  extensivelv  over  the  roadsides  and  uncultivated  fields.    It  will 
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grow  upon  all  soils,  even  the  poorest,  and  Avitbstands  the  heat  and 
drought  of  summer  remarkably  well.  It  spreads  rapidly,  and  some  say 
it  will  root  out  the  broom  sedge  and  even  Bermuda.  It  is  rather  a 
coarse  plant,  and  should  be  tried  only  in  places  unsuitable  for  the  bet- 
ter grasses.  In  Louisiana,  crab  grass,  though  still  common,  is  gradnallj 
giving  place  as  a  pasture  grass  to  Bermuda  and  white  clover.  Several 
species  of  clover  seem  to  be  spreading  over  this  section;  some  of  them 
are  said  to  afford  considerable  seed. 

The  bur,  or  California  clover  {Meduago  dentictdata),  is  reported  in  two 
counties  of  Alabama,  and  has  been  successfully  tried  in  Georgia.  In 
California  it  is  highly  esteemed. 

Faspalum  ovatuin  is  found  in  Texas  and  Louisiana.  It  is  highly 
spoken  of  as  a  pasture  grass  by  those  who  have  examined  it.  (See  re- 
port of  the  botanist  for  1880.) 

Numerous  other  grasses  are  found  growing  with  the  foregoing  sia^cies^ 
but  generally  are  of  no  particular  value,  and  having  for  the  most  part 
no  common  names,  they  ai-e  spoken  of  as  wild  grasses,  &c. 

In  regard  to  native  pasture  grasses,  Mr.  Hawkins,  of  Hawkinsville, 
Ala.,  says : 

There  is  but  very  little  gniss  of  any  kind  here,  except  the  wild  varieties  which  come 
spontaneously  ou  all  old  fields  with  the  broom  sedge,  and  our  very  best  pastures  are 
on  these  old  fields.  Old  fields  when  turned  out  usually  grow  weeds  the  first  tv« 
years,  and  require  about  four  years  for  them  to  become  sodded  with  broom  s«dg:e. 
Burn  this  oflf  in  early  spring,  and  with  sufticiout  cattle  it  need  never  be  burced 
again,  as  the  cattle  will  keep  it  down.  I  have  an  excellent  pasture  of  150  acres  of 
this  kind,  which  will  keep  in  good  condition  thirty  head  of  cattle,  half  as  many  mnlef 
when  not  at  work,  and  some  hogs. 

NATIVE   HAY   GKA8SRS. 

In  this  section  crab  grass  is  cut  very  extensively,  being  reported 
from  nearly  every  county  where  any  attention  at  all  is  given  to  bs^y; 
Crow-foot,  as  a  crop  grass,  is  chietiy  confined  to  Georgia.  Some  of  thi 
coarse  swamp  grasses  are  cut  to  a  considerable  extent  in  certiiin  local 
ities. 

Cl'LTIVATED   GRASSES. 

Over  one-half  of  the  reports  from  this  section  state  that  no  attempti 
have  been  made  to  cultivate  grass  for  hay.  Tliey  rely  entirely  u])on 
the  volunteer  grasses,  the  i)rincipal  one  being  crab,  which  8ome  con- 
sider to  be  superior  to  the  so-called  cultivated  grasses. 

The  chief  reasons  given  in  favor  of  crab  grass  as  a  pasture  grass  aud 
for  hay  are  that  it  is  indigenous,  and  therefore  well  adapted  to  wifli- 
stand  the  effects  of  the  climate ;  that  the  ground  has  only  to  be  smoothed 
after  the  corn  is  "laid  by,''  and  it  comes  voluntaril}- ;  tbat  it  never  fails, 
and  does  well  ou  poor  and  sandy  soil. 

In  the  remaining  counties  more  or  less  introduced  grasses  have  beea 
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cut  for  hay,  consistiug  imncipally  of  herds  grass  (red  top),  the  clovers, 
timothy,  and  orchard  grass  in  the  order  named.  Bermuda  grass  is 
reported  to  be  cut  for  hay  to  a  greater  extent  than  any  other,  except 
the  crab  grastj.  The  niiUets  are  cultivated  for  hay,  and  are  deserving 
of  more  attention,  for,  being  annuals,  they  can  be  grown  successfully 
in  all  parts  of  the  South.  In  Louisiana  the  cow-pea  is  considered  one 
of  the  best  forage  crops,  and  its  cultivation  is  extending.  In  the  Red 
River  district  sorghum  of  various  kinds  is  largely  raised  for  food. 

JOHN  SOX   GRASS. 

Johnson  grass  is  steadily  growing  in  favor  and  its  cnltivation  extend- 
ing. It  is  being  introduced  on  the  low,  wet  prairie  lands  of  Texas,  and 
the  reports  are  quite  favorable.  It  is  essentially  a  hay  grass,  and  may 
be  cut  three  or  four  times  a  year.  It  should  always  be  cut  before  the 
seed  stalks  run  up,  else  it  will  be  too  cofirse.  It  is  even  more  difficult 
to  exterminate  when  once  well  set  than  Bermuda,  hence  should  not  be 
allowed  to  seed.  The  best  way  to  eradicate  it  is  by  frequent  plowings 
in  July  and  August,  exposing  the  roots  as  much  as  possible  to  the  sun. 
It  will  not  bear  tramping. 

Both  this  grass  and  Bermuda  are  regarded  as  a  great  blessing,  or  as 
an  unmitigated  evil,  according  to  the  standpoint  from  which  they  are 
viewed.  The  exclusive  cotton-planter  is  apt  to  look  upon  them  with 
unabated  hostility,  while  those  who  are  beginning  to  diversify  their 
crops  look  upon  these  and  other  grasses  as  a  great  boon. 

In  these  States  hay  should  be  secured  eaily  enough  in  the  season  to 
allow  the  meadows  to  get  a  good  start  before  the  summer  drought  sets 
in,  so  that  the  roots  may  have  a  good  protection  during  this  trying 
period.  Meadows  should  not  be  pastured  until  the  fall  rains  set  in, 
and  then  only  lightlj^,  and  never  when  the  ground  is  soft  from  much 
rain.  Care  should  be  taken  not  to  pasture  too  late  in  the  spring, 
thereby  preventing  the  grass  from  g^rowing  tall  enough  to  cut  before 
the  heat  of  summer.  According  to  the  reports,  the  farmers  are  accus- 
tomed very  generally  to  pasture  too  closely',  '.?hich  causes  great  injury, 
if  not  destruction,  to  the  grass. 

PKRMAXKNT   PASTURE. 

For  a  permanent  pasture  grass  the  Texas  blue  grass  {Poa  arachni- 
fera)  promises'  to  be  one  of  the  very  best  grasses  yet  brought  to  the 
attention  of  the  South.  It  is  a  strong,  deep-rooted  grass,  with  an 
abundance  of  foliage,  and  seems  to  possess  all  of  the  characteristics 
necessary  for  a  grass  to  be  successful  in  most  parts  of  the  South.  It 
grows  in  woods  or  open  prairie,  and  thrives  upon  a  variety  of  soils, 
poor  as  well  as  rich,  but  has  not,  so  far  as  reported,  been  tried  upon  a 
dry,  sandy  soil.    This  grass  seems  worthy  of  earnest  consideration  by 


26      THE  agricuiItura^l  grasses  of  the  united  states.    , 

all  interested.    As  it  is  figared  and  so  fully  described  in  another  part 
of  the  report  more  need  not  be  said  here. 

The  Texas  blue  grass  dies  down  during  the  heat  of  summer  and 
springs  up  with  the  first  fall  rains  and  lasts  till  summer  again.  Ber- 
muda comes  in  early  spring  and  lasts  till  frost  comes,  thus  beiug  a 
summer  pasture  grass. 

WINTEU  PASTITIIK. 

From  several  places,  especially  in  Georgia  and  Alabama,  requests 
come  for  a  grass  that  will  make  good  winter  pasture,  and  if  possible 
one  that  will  succeed  upon  weak,  sandy  soil.  The  cultivated  grassCv* 
best  adapted  for  winter  pasture  at  the  South  are  the  tall  meadow  oat 
grass  {ArrhenaiherMm  avenaceum),  which  will  thrive  on  more  sandy  soil 
than  most  of  the  cultivated  grasses  (though  it  prefers  a  rich  upland), 
and  will  yield  more  green  food  in  winter  than  any  other  grass. 

Orchard  grass  (Dactylis  glomerata)  is  next  in  value.  It  does  well  in 
orchards  and  thinned  woods,  and  will  do  well  on  any  rich,  dry  soil. 
After  being  cut  or  eaten  down  by  stock  it  springs  up  again  with  great 
rapidity,  thus  rendering  it  of  peculiar  value  as  a  pasture  grass.  Ex- 
periment demonstrates  that  these  grasses  will  thrive  and  do  well  in 
the  northern  and  central  counties  of  the  Gulf  States,  an  d  ought  to  suc- 
ceed in  all  sections,  except,  perhaps,  on  a  very  dry,  sandy  soil.  These 
two  grasses  are  thought  to  endure  the  heat  ftnd  drought  better  than 
other  cultivated  grasses.  Italian  rye  grass  {Lolium  Italicum)  is  oue  of 
the  very  best  grasses  for  this  section.  By  being  sown  and  harrowed  in 
at  the  first  fall  rains  it  will  be  ready  for  pasture  by  midwinter,  and  will 
afford  a  rich  pasturage  during  the  la,tter  part  of  winter  and  spring,  and 
can  then  be  plowed  under  for  the  following  crop,  thus  enriching  the  land 
as  well  as  furnishing  abundant  winter  feed.  By  only  pasturing  very 
lightly  a  crop  of  hay  can  be  cut  and  the  stubble  turned  under  for  a 
following  wheat  or  other  grain  crop.  The  attention  cannot  be  too 
strongly  called  to  this  useful  grass.  Wild  rye  grass  (Ely mm)  and  wild 
meadow  barley  {Hordeum  pratefute),  also  the  common  cultivated  rye  and 
barley,  make  excellent  pasture. 

BERMUDA   GRASS. 

Bermuda  grass  has  of  late  attracted  more  than  usual  attention.  H 
has  been  referred  to  and  discussed  by  so  many  of  the  cori^espoodeuti^ 
that  an  idea  of  the  estimation  in  which  it  is  held  caqnot  be  better 
given  than  by  making  a  few  extra<5ts  from  their  letters. 

Mr.  Hawkins,  of  Barbour  County,  Alabama,  says  that  he  is  very 
certain  now,  and  has  been  for  years,  that  the  great  want  of  the  Sottth 
is  a  grass  with  which  the  tired  lan<ls  may  be  seeded,  and  some  return 
had  while  the  lan^  is  being  recuperated.  Bermuda,  he  says,  is  the 
grass  to  do  this  if  it  seeded,  and  could  be  easily  destroyed  when  the 
land  is  wanted  for  cultivation.    These  difficulties,  he  says,  operate  suf- 
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flciently  to  almost  exolude  it  from  the  tillable  laad.    A  correspoQdeut 
Itoid  Mississippi  says : 

Bermuda  is  the  grass  for  this  country,  resisting  both  the  drought  of  summer  and 
the  frost  of  winter,  and  affording  a  richer  pasturage  than  any  other  grass.  With 
this  for  pasture  and  the  Johnson  grass  (JSorgkum  halapenae)  for  hay,  stock-raising 
will  be  more  profitable  than  cotton. 

Georgia  has  taken  thejlead  in  introduoing  Bermuda  grass.  In  the 
central  part  of  the  State  it  is  fouud  in  every  county,  and  is  steadily 
growing  in  favor.  The  report  of  the  State  board  of  agriculture  for  1881 
says : 

The  hay  crop  of  Georgia  has  been  unusually  tine  in  1881.  The  clovers  and  cul- 
tivated grasses  made  heavy  crops  before  the  summer's  drought  commenced.  Large 
harvests  of  Bermuda  hay  were  realized  in  some  of  the  counties  of  Middle  Georgia, 
where  this  valuable  grass  io  being  more  highly  appreciated  every  year.  It  makes  a 
hay  inferior  to  none,  with  the  tid vantage  of  being  permanent  when  once  well  set. 
Quite  a  number  of  farmers  now  realize  a  better  income  from  lands  set  in  Bermuda 
than  they  did  from  the  same  when  in  cotton. 

Another  correspondent  says: 

Bermuda,  beyond  all  doubt,  is  the  best  grass  for  pasture,  but  for  hay  we  need  other 
grasses,  and  I  am  satisfied  that  Johnson  grass  is  the  one  for  that  purpose.  These 
two  grasses  have  the  power  to  make  this  section  a  great  stock  country. 

Such  expressions  as  this  frequently  occur  in  the  reports:  *^ Bermuda 
is  the  best,  but  the  farmers  are  afraid  of  it." 
Mr.  F.  Seip,  of  Rapides  Parish,  Louisiana,  says: 

Of  all  the  usual  cultivated  grasses  none  can  compare  in  general  usefulness  to  the 
Bermnda.  It  is  invaluable  as  a  pasture  grass  for  all  kinds  of  stock,  furnishing, 
throngh  nearly  the  entire  year,  and  even  in  winter,  under  some  circumstances,  an 
extraordinary  amount  of  food.  For  hay  purposes  it  cannot  be  surpassed.  Under 
favorable  circumstances  it  will  yield  more  to  the  acre  than  any  other  known  grass, 
with  the  exception  possibly  of  lucern  {Medicago  sativa)  and  Johnson  grass,  the  latter 
being  too  coarse  to  make  superior  hay. 

Again  Mr.  Seip  says  of  Bermuda  : 

It  can  only  be  recommended  for  permanent  pastures  or  meadowN,  as  it  if  very  diffi- 
cnlt  to  eradicate,  but  still  it  is  practicable  to  remove  it.  The  best  method,  I  think, 
is  summer  plowing  repeated  frequently,  followed  by  oats  in  the  fall  and  winter,  and 
after  the  oat  crop  by  a  heavy  crop  of  pease.  If  this  is  well  done  there  will  be  no 
trouble  in  making  a  crop  of  corn  or  cotton  the  following  year. 

Colonel  Lane,  in  "  Forage  Plants  of  the  South,"  says,  in  reference  to 
destroying  Bermuda : 

Upon  ordinary  upland  I  have  found  no  difficulty  in  destroying  it  by  close  cultiva- 
tion in  cotton  for  two  years.  It  requires  a  few  extra  plowings  to  get  the  sod  thor- 
oughly broken  to  pieces.  The  breaking  should  be  done  with  a  small  plow  first  and  a 
harrow  run  over  it  once  or  twice  in  winter  or  early  spring.  Take  advantage  of  the 
dry  hot  months  of  summer  to  have  the  grass  that  may  be  found  alive  plowed  and  hoed, 
and  exposed  as  much  as  possible  to  the  sun.  In  ordinary  seasons  so  much  of  the  grass 
vill  be  killed  the  first  year  that  but  little  interference  with  the  next  crop  need  be 
apprehended. 
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Bermuda  in  essentially  a  Boatliern  sumnier-pastiire  grass,  and  as  such 
possesses  superior  qualities.  It  will  thrive  npou  poor  soil  and  stand 
the  heat  and  drought  of  summer.  It  is  nutritious,  and  is  eaten  by  all 
kinds  of  stock.  It  is  permanent  when  once  well  set,  provided  it  is  pas- 
tured :  otherwise,  the  broom  sedge  and  other  grasses  will  run  it  oot 
It  requires  tramping  to  flourish.  The  objections  it  encountered  during 
the  first  years  of  its  introduction  have  gradually  given  way,  as  the 
farmers  have  seen  more  of  it  and  have  become  better  acquainted  with 
its  uature  and  habits.  To  make  hay  it  requires  a  rich  soil — a  soil  rich 
enough  to  produce  good  crops  of  timothy  and  the  more  valuable  grasses. 
It  is  an  ameliorating  crop.  A  field  kept  in  Bermuda  a  few  years  will  be- 
come so  enriched  that  should  it  be  wanted  for  cultivation  the  increased 
crops  will  more  than  pay  for  the  extra  labor  and  expense  required  the 
first  year  on  account  of  the  sod. 

Often  in  the  reports  a  request  is  made  for  a  grass  that  will  do  well 
on  tht4r  exhausted  lands  and  yield  some  return  while  they  are  beiug  re- 
cuperated. Lands  naturally  fertile,  but  depleted  by  cropping,  if  not 
"  turned  out  in  commons,"  can  be  recuperated  by  proper  management 
through  the  agency  of  ameliorating  crops,  the  particular  ones  to  be 
used  varying  with  the  different  conditions  of  location,  nature  of  soil, 
&c.,  and  cannot  be  entered  into  minutely  here,  but  which  the  intelligent 
cultivator  will  soon  learn  to  determine. 

Immediate  and  constant  returns,  as  some  ask  for,  should  not  be  ex- 
pected from  a  soil  already  exhausted.  But  in  a  short  time,  by  generous 
treatment,  they  can  be  brought  to  a  condition  to  once  more  reward  the 
toiler  for  his  labor,  and  will  prove  in  the  end  to  be  much  more  econom- 
ical than  to  "  turn  the  fields  out"  and  wait  thirty  or  forty  years  for  the 
slow  process  of  natural  recuperation,  expendhig  meantime  ones  ener- 
gies in  clearing  and  bringing  into  cultivation  new  tracts,  to  be  in  turn 
abandoned  and  "  turned  out." 

Some  ask  for  a  grass  that  will  do  well  upon  a  soil  naturally  poorer 
barren.  Such  a  soil  will  not  yield  anj'thing  without  fertilizing  except 
a  few  worthless  weeds  or  some  of  the  coarser  plants.  Good  grasses 
will  not  grow  on  land  that  will  not  produce  medium  crops  of  grain.  By 
using  fertilizers  and  turning  undei*  green  crops  the  productiveness  can 
be  increased  so  as  to  give  fair  ret'urns,  and  then  by  suitable  rotation 
the  land  can  be  continuously  improved. 

EXPKRIMKXTS. 

In  nearly  one-half  of  the  counties,  according  to  the  reports,  no  ex- 
periments introducing  new  grasses  have  been  ma<le,  while  in  many  of 
the  other  counties  they  have  been  made  only  on  a  small  scale,  and  were 
too  often  abandoned  as  failures  before  they  had  been  fully  tested.  Fail- 
ures frequently  result  from  not  fully  understanding  the  nature  and  re- 
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quireiuents  of  the  grasses,  especially  during  the  early  stages  of  their 
growth. 
Mr.  J.  J.  Barclay,  of  Wheeler,  Ala.,  says: 

I  have  experunented  on  my  place  with  nioat  of  the  cultivated  grasses,  and  find 
they  do  well  if  protected  from  the  tramping  and  depredations  of  stock  for  one  season. 
*  *  *  I  ain  confident  of  their  success  and  feel  that  their  introduction  into  this 
portion  of  the  Soath  will  he  of  incalculable  benefit  to  the  country  and  people,  and 
especially  attractive  to  the  immigrant,  whose  first  question  Is,  ''Do  grasses  grow  in 
your  State  f  " 

Another  says  that  orchard  grass,  tall  meadow  oat  grains,  and  Johnson 
grass  will  do  well  if  properly  attended  to  and  the  ground  suitably  pre- 
pared. Mr.  Hawkins  says  that  his  experiments  show  that  any  of  the 
grasjjes  will  do  well  upon  rich  loam,  or  on  moist,  stiff  land,  or  on  moist, 
sandy  land.    Mr.  1>.  P.  Hurley,  of  Pike  County  says  : 

1  would  add,  on  the  important  subject  of  grasses,  that  their  cultivation  is  sadly 
neglected,  not  because  the  climate  is  hostile  or  the  soil  unadapted,  nor  because  they 
caoDot  be  successfully  cultivated,  but  for  the  reason  that  diversified  agriculture  is 
practically  disfavored. 

• 

Mr.  P.  M.  Morehouse  sent  from  Texas  a  sample  of  Kentucky  blue 
grass,  grown  on  the  open  prairie,  without  shade  or  extra  care  after  well 
set.  It  has  withstood  the  heat  and  drought  of  summer  for  three  years 
extremely  well.  Yet  there  are  large  tracts  of  country,  often  embracing 
counties,  where  a  meadow  of  grass  is  not  to  be  found.  Mr.  Hawkins 
says  that  he  does  not  know  of  a  meadow  of  cultivated  grass  in  South- 
eastern Alabama.  Similar  statements  come  from  Louisiana.  This  un- 
favorable condition  has  arisen  from  several  influences  which  can  only 
be  referred  to  here.  Among  them  may  be  mentioned  the  custom  of 
exclusive  cotton  planting  which  has  been  so  sedulously  followed  for  so 
many  years,  leaving  but  little  time  for  anything  else ;  also  the  habit 
of  "turning  out"  fields  when  depleted  instead  of  recuperating  them 
by  ameliorating  crops. 

Another  is  the  reluctance  and  hesitation  which  persons  naturally  feel 
about  changing  old-established  ways  for  untried  methods,  without  the 
encouragement  and  aid  of  example  to  guide  them  in  their  new  enter- 
priae.  The  want  of  seed  has  been  quite  an  impediment  to  increased 
attention  being  given  to  the  grass  crops.  The  correspondents  say  that 
a  liberal  distribution  of  grass  seed  would  relieve  a  deeply  felt  need  and 
do  much  toward  determining  the  important  question  of  extending  grass 
culture. 

Fifth  inquiry.  "  Please  suggest  any  grasses  that  might  be  useful  in 
your  section.'' 

The  replies  to  this  request  were  somewhat  limited,  and  often  rather 
suggestive  than  definite.  There  are  but  few  to  be  added  to  those  al- 
ready mentioned.  But  for  convenience,  all  of  the  grasses  recommended 
for  trial  will  be  given  here,  together  with  such  suggestions  as  the  gen- 
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eral  tenor  of  the  reports  and  correspondence,  and  information  obtained 
elsewhere,  would  seem  to  warrant.    They  recommend  as  follows : 

For  Washington  Territory  and  Oregon. — Italian  rye  grass,  tall  meadoT 
oat  grass,  Kentucky  blue  grass,  Texas  niesquite,  and  Bermuda. 

iFor  California, — Timothy,  large  red  clover,  the  millets,  orchard  grasa, 
Italian  rye  grass,  white  clover,  Guinea  grass  {Panieum  jumeniorum] 
Bermuda,  alfalfa,  and  Johnson  grass. 

For  Idaho  and  Montana, — All  the  grasses  for  bottom  lands,  and  al- 
falfa for  *'  bench  lands." 

For  Texas, — Alfalfa,  Bermuda,  timothy,  the  clovers,  orchard  grass, 
Johnson  grass,  and  the  millets  in  the  order  named. 

For  Qeorgia, — Kentucky  blue  grass,  orchard  grass,  herds  grass 
(called  red  top  in  New  England),  timothy,  the  clovers,  and  alfalfa,  in 
the  order  named. 

For  Florida, — Bermuda,  alfalfa,  Guinea  grass  {Panicum  jumentorum), 
orchard  grass,  Johnson  grass,  and  clover. 

For  Alabama, — Orchard  grass,  Kentucky  blue  grass,  timothy,  herds 
grass  (red  toj)),  Johnson  grass,  alfalfa,  and  California  clover. 

For  Mississippi. — Orchard  grass,  herds  grass  (red  top),  the  clovers, 
Kentuckj'^  blue  gra«s,  and  the  millets. 

For  Louisiana. — Kentucky  blue  grass,  orchard  grass,  Bermuda,  tira 
othy,  herds  grass  (red  top),  the  clovers,  and  alfalfa. 

The  above  are  the  principal  forage  plants  enumerated  for  trial.  It 
will  be  observed  that  in  some  instances  instead  of  suggesting  new 

■ 

grasses  for  trial  those  are  named  which  have  already  been  so  fully  tried 
that  there  is  no  question  about  their  success. 

It  appears  from  the  reports  and  correspondence  that  the  principftl 
need  of  Washington  Territory  and  Oregon  is  a  pasture  grass  for  the 
dry  hills  in  place  of  the  nearl}'  extinct  bunch  grass ;  some  are  desiroas 
that  Bermuda  and  Texas  mesquite  be  tried.  The  latter  has  already 
been  reported  as  successful  in  several  counties.  There  is  some  uncer- 
tainty concerning  what  grass  is  referred  to,  as  several  go  under  the  name 
of  mesquite.  It  is  probable  that  some  mean  the  Buchloe  dnctyloid^Sj  the 
buffalo  grass  of  the  jilains,  a  valuable  pasture  grass  and  similar  in  habit 
to  Bermuda.  In  Texas  it  is  called  mesquite.  The  suggestion  of  these 
correspondents  appear  worthy  of  attention. 

In  Southern  California  some  wish  Bermuda  to  be  tried  for  their  pas 
ture  land  which  cannot  be  plowed,  and  where  the  bur-clover,  &c.,  is 
being  tramped  out.  They  also  think  that  the  Guinea  grass  {Panicum 
jumentormn)  might  possibly  succeed. 

The  suggession«  from  Florida  were  from  only  a  few  counties;  the 
general  impression  seems  to  be  that  crab  grass  and  other  native  grasses 
are  superior  to  the  so-called  cultivated  ones.  Some  think  that  a  grass 
will  have  to  be  obts^ined  from  Cuba  or  the  tropics  to  be  suited  to  the 
climatic  conditions  existing  there. 
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DESCRIPTION  OF  GRASSES. 

Paspalum,  Linn. 

Flowers  in  narrow,  mostly  linear,  spikes,  of  which  there  may  be  one, 
or  8evei*al  crowded  at  the  summit  of  the  stem,  or  they  may  be  more  or 
less  nnmerons,  and  arranged  along  the  general  peduncle.  The  spike- 
lets  are  mostly  obtuse  and  arranged  in  one  or  two  rows  on  each  side  of 
the  generally  elevated  crest  or  midrib  of  the  flattened  rhachis.  The 
spikelets  contain  each  one  perfect  flower  inclosed  within  two  outer  mem- 
branaceous glumes;  rarely  one  of  the  outer  glumes  rau3h  reduced  or 
wanting.  The  glume  of  the  perfect  flower,  called  the  flowering  glume, 
is  more  or  less  convex  or  rounded  on  the  back,  usually  thick  and  indu- 
rated, and  incloses  the  shorter  palet,  which  is  of  similar  texture  with 
the  three  stamens  and  two  distinct  plumose  styles. 

This  genus  has  its  range  principally  in  the  Southern  States.  They 
ai*e  mostly  perennials,  varying  much  in  form  and  habit.  Some  are  tall 
and  erect,  some  decumbent  or  spreading,  and  others  have  the  habit  of 
sending  out  prostrate  runners  which  take  root  at  short  intervals  and 
thus  8prea<l  and  form  dense  patches.  Several  species  may  often  be 
found  in  the  same  field.  Professor  Phares,  of  the  Agricultural  and  Me- 
chanical cJollege  of  Mississippi,  says : 

They  are  all  snocaleDt,  tender,  nutritious,  hardy,  thrifty,  and  relished  by  all  grass- 
eating  animals.  They  fill  the  soil  with  a  matting  of  roots  and  cover  the  surface  densely 
with  luxuriant  foliage  from  early  spring  till  autumnal  frosts. 

Paspalum  laete.    (Smooth  paspalum.) 

This  species  grows  from  2  to  4  feet  high.  The  stem  and  leaves 
are  smooth  or  smoothish,  the  lower  leaves  long  and  firm,  the  upper  ones 
shorter  and  distant.  Near  the  top  of  the  culm  are  three  to  five  slender 
spreading  spikes,  each  from  2  to  3  inches  long  and  1  to  2  inches  distant. 
There  are  a  few  longish  hairs  at  the  base  of  the  spikes  where  they  sepa- 
rate from  the  stem.  The  spikelets,  or  what  becomes  the  seed,  are  oval, 
smooth,  alK)ut  one-tenth  of  an  inch  long,  ck)se  together  in  two  rows, 
which  are  wider  than  the  narrow,  slightly  wavy  rhachis. 

Professor  Phares  (above  quoted)  says  he  has  a  neighbor  who  has  been 
feeding  this  grass  for  twenty-five  years ;  and  for  many  years  has  had  a 
meadow  of  it  from  which  without  ever  having  seeded,  he  annually  mows 
about  2  tons  of  hay  per  acre.  It  should  be  cut  before  the  seeds  get 
ripe  enoQgh  to  fall  off.     (Plate  1.) 

Paspalum  dilitati  m.    (Hairy-flowered  paspalum.) 

This  species  is  quite  similar  to  the  preceding,  but  taller  and  stouter. 
The  culms  are  from  a  thick  perennial  rootstock,  erect,  3  to  5  feet  high, 
smooth,  and  with  three  to  five  leaves  from  a«  many  smooth,  purplish 
joints.    The  leaves  at  the  base  of  the  culm  are  numerous,  about  a  foot 
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long  and  one-third  to  one-half  an  inch  wide.  They  are  smooth  on  both  j 
sides  and  roughisb  on  the  margins.  The  raceme  is  from  5  to  8  incbeft 
long,  composed  of  from  five  to  ten  somewhat  spreading  spikes,  wbieh 
are  3  inches  or  more  in  length,  and  1  or  2  inches  apart  on  the  rather 
slender  axis,  the  upper  ones  arc  gradually  shorter,  all  with  a  few  loaf: 
hairs  at  the  base.  The  ^pikelets  are  closely  arranged  in  four  rows,  twnj 
on  each  side  of  the  narrow  and  nearly  straight  axis,  in  alternate  pairv 
They  are  about  one  and  a  half  lines  long,  ovate,  acutely  pointed,  crowded 
and  overlapping  each  other,  compressed,  and  the  margins  clothed  witht 
silky  hairs.  The  two  outer  or  empty  glumes  are  ovate,  acute,  tiv^ 
nerved,  nearly  smooth,  except  the  fringe  of  thin  white  hairs  on  themai^ 
gin.  The  flowering  glume  is  thick  and  firm,  and  very  delicately  puQO-j 
tate  under  a  magnifier.  The  palet  tits  inside  the  margin  of  the  floww 
ing  glume  and  inclosing  the  stamens  and  styles.  This  species  has  been 
found  in  Virginia,  Alabama,  Mississippi,  Louisiana,  and  Texas.  It 
also  a  South  American  species.  It  has  been  called  Prutpalufn  ovata 
but  the  name  first  given  is  the  proper  one.  It  wasdescribeii  in 
Agricultural  Report  for  1880,  and  has  since  then  been  noticed  and  ex- 
perimented with  by  several  persons.    (Plate  2.) 

Several  other  species  of  the  same  general  appearance  and  habit  ocea^ 
in  the  Southern  States,  among  which  may  be  named  Paspalum 
ferum,  P.  Floridanuniy  and  P.  plicatvhnn.    Quite  recently  another  s 
cies  has  been  brought  to  our  notice  by  Mr.  U.  B.  Richards,  of  La  Gran 
Tex.    It  has  been  called  Paspalum  remotum^  and  Mr.  Richards  sta 
that  it  roots  at  every  joint  and  sends  up  shoots  like  a  layered  gra] 
vine;  it  remains  green  all  winter,  and  it  is  almost  impossible  to  dest 
it  by  cultivation.     Plowing  spreads  it,  as  every  stem  broken  oflf  tak 
root  again.    It  can  only  be  killed  by  digging  out  every  particle  and  ex 
posing  it  to  the  hot  sun.    All  soils  seem  to  be  equally  a<5ceptable  to  Hi 
it  grows  as  well  in  the  shade  as  in  the  sunshine.    Drought  does  noli 
seem  to  affect  it.     Stock  like  it  botli  in  winter  and  summer.     A  singU 
seed  or  joint  has  been  known  to  si)read  over  an  area  of  five  or  six  f< 
in  diameter  in  a  single  season,  with  a  perfect  mat  of  grass  firmly  root 
all  over.    It  evidently  will  bear  close  pasturage  and  hard  trainpin 
The  difficulty  of  eradicating  it  will  be  an  objection  to  it  in  the  opini 
of  some,  but  where  it  is  desirable  to  make  a  permanent  pasture  this  fi 
ture  would  seem  to  be  an  advantage.     More  extended  observation  a 
experiment  with  this  grass  is  higbly  desirable. 

Another  species  of  Paspalum^  having  the  same  creeping  habit,  ha^ 
been  observed  in  several  of  the  Southern  States.  It  is  the  Paspalum 
platycaule.  It  is  a  grass  of  lower  growth  and  smaller  size  than  the  pre^ 
ceding.  It  occurs  in  all  the  Gulf  States,  as  well  as  in  tbe  West  Indies  anl 
in  Soutb  America.  Mr.  Benjamin  Brodnax,  of  Morehouse  Parish,  Lo»| 
isiana,  has  given  a  very  full  account  of  its  habits  in  aSontberu  agricnlt^ 
ural  paper.  He  says  tbe  mode  of  growth  is  flat  to  tbe  ground,  taking 
root  at  every  joint  and  spreading  in  every  direction.    It  effectually  kili^ 


THE   AGRICULTURAL    GRASSES   OF   THE    UNITED   STATES.       33 

Qt  every  other  grass  or  weed,  as  it  forms  a  thick  sod  and  is  evergreen. 
I  looks  hke  Bermada  grass  and  is  equally  prolific,  but  it  possesses  one 
rait  that  Bermuda  grass  does  not,  that  is,  it  is  easil}^  got  rid  of.  It 
s  oDly  necessary  to  plow  shallow,  turn  the  sod  over,  and  in  a  week  har- 
tm  and  your  grass  is  gone.  AH  grazing  animals  eat  it  in  preference  to 
«iy  otber  except  Bermuda  grass.  It  grows  on  a  great  variety  of  soil, 
int  thrives  best  in  good  soil.  Some  of  the  joints  send  up  culms  or  stalks 
Aich  are  very  fine  and  wiry,  with  a  few  slender  seed-bearing  spikes  at 

I  * 

ke  summit.  The  runners  extend  out  several  feet,  taking  root  at  all  the 
iiHiits,  which  are  usually  only  1  or  2  inches  apart.  It  grows  too  close  to 
Bie  ground  and  is  too  short  for  a  good  grass  for  hay,  but  for  grazing  it 
las  many  good  properties.  Like  the  preceding  species,  it  should  receive 
Ittention  from  farmers,  with  careful  experiments. 
Paspalum  setaceum  is  a  species  which  is  widely  spread  both  in  the 
B^orthem  and  Southern  States.  It  grows  usually  1^  to  2  feet  high  in 
by,  sandy,  or  gravelly  soil,  some  forms  having  smooth  and  others  very 
Iteavy  leaves.-  It  seems  to  have  very  little  praetical  value.     (Plate  3.) 

IJIGITARIA. 

['  This  genus  is  usually  considered  as  a  section  of  the  genus  Panicum^ 

it  it  will  be  most  convenient  here  to  retain  the  old  name.    It  serves  to 

mnect  Paspalum  and  Panicum^  and  in  the  structure  of  the  flowera  dif- 

froni  Panpalum  very  little  except  in  commonly  having  an  additional 

ipty  glume  to  the  spikelets.    This  glume  in  sometimes  very  small  and 

donally  absent.    The  flowers  or  spikelets  are  arranged  like  those  of 

^9xpa\um  on  one  side  of  a  narrow  flattened  axis  or  spike,  and  there  are 

reral  spikes  crowded  together  at  or  near  the  summit  of  the  culm. 

IGITARIA  SANGUINALE  {Panicum  sanguinale).    Crab  grass. 

This  is  an  annual  grass,  which,  although  a  native  of  the  Old  World, 

become  spread  over  most  parts  of  this  country,  and,  indeed,  over 

lost  tropical  countries  of  the  globe.    It  occurs  in  cultivated  and  waste 

mnds,  and  grows  very  rapidly  during  the  hot  summer  months.    The 

liDS  iLsnally  rise  to  the  height  of  2  or  3  feet,  and  at  the  summit  have 

three  to  six  slender  flower  spikes,  which  are  from  4  to  6  inches 

ig.   The  culms  are  bent  at  the  lower  joints,  where  they  frequently 

te  root.    This  grass  is  well  known  to  farmers  and  planters  in  the 

Duth  under  the  name  of  crab  grass.    Professor  Killebrew,  Tennessee, 

lys: 

It  ia  a  fine  pasture  grass,  although  it  has  but  few  base  leaves  and  forms  no  sward, 

'"i  it'sends  out  numerous  stems  or  branches  at  the  base.     It  serves  a  most  useful 

1>ose  in  stock  husbandry.    It  fills  all  our  corn-fields,  and  many  persons  pull  it  out, 

i^hieh  ig  a  tedious  process.    It  makes  a  sweet  hay,  and  horses  are  exceedingly  fund 

'  it,  leaving  the  best  hay  to  eat  it. 

Professor  Phares,  Mississippi,  says  that  the  corn  and  cotton  fields 
often  80  overrun  with  it  that  the  hay  which  might  be  secured  would 
2218  GR 3 
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be  more  valuable  than  the  original  crop.    It  is  some  times  mowed  from 
betweeu  the  rows,  some  times  cut  across  the  ridges  with  the  corn. 

Any  good  piece  of  ground  that  has  had  this  grass  matured  ou  it  the  preceding 
year  may  be  plowed  and  harrowed  smoothly  and  then  rolled  in  May,  and  it  will  moo 
be  covered  with  a  rich  growth.  If  the  season  is  favorable  two  mowings  should  be 
made. 

I 

IHgitaria  villosa  is  a  very  similar  species  of  the  Southern  States,  with 
a  perennial,  creeping  rootstock,  the  stem  decumbent  and  bent  below  at 
the  hairy  joints.  The  leaves  with  their  sheaths  are  very  hairy.  The 
external  glume  of  the  flower  is  scarcely'  one-fourth  as  large  as  the  up- 
per ones.  It  probably  is  frequently  confounded  with  the  preceding, 
and  has  the  same  qualities.    (Plate  4.) 

Panicum.    (Panic  grass.) 

The  botanical  character  of  this  genus  ^are  as  follows :  Flowers  in 
spikes,  racemes,  or  panicles.  The  spikelets  consist  of  one  perfect 
flower  (the  upper  or  terminal  one  in  the  spikelet),  and  usually  a  second 
male  or  rudimentary  one  below  it.  Outer  empty  glumes  two,  one  of 
which  is  smaller  than  the  other,  often  very  small,  rarely  absent.  The 
glume  of  the  perfect  flower  and  its  palet  are  usually  of  a  coriaceous  or 
leathery  texture,  and  obtuse  or  obtusish.  The  grasses  belonging  to 
this  genus  are  extremely  numerous,  and  of  widely  different  general 
appearance.  We  have  about  fifty  native  species,  most  of  which  have 
little  practical  value  except  as  adding  more  or  less  to  the  wild  forage 
of  our  woods  and  fields.  But  some  species,  both  native  and  foreign, 
are  of  the  highest  agricultural  value.  We  shall  notice  a  few  of  thoee 
which  seem  best  adapted  to  cultivation  in  this  country. 

Panicum  ju^eentorum.    (Guinea  grass.) 

A  large,  vigorous,  perennial  grass,  attaining  in  good  soil  a  height  of 

from  6  to  10  feet,  the  leaves  are  1  to  2  feet  long,  and  frequently  an  inch 

or  more  wide,  rough  on  the  edges,  and  with  a  few  scattered  iiairs  on 

the  surface ;  the  sheath  is  long  and  nearly  smooth,  except  near  the 

joints,  which  are  soft-hairy.    The  panicle  is  from  1  to  IJ  feet  long  and 

diffusely  branched,  the  upper  branches  single  and  3  to  4  inches  long, 

the  lower  ones  two  to  five  together  and  6  to  10  inches  long ;  the  flowers 

are  thinly  scattered  along  the  rather  slender  branches  neiirl3-  the  whole 

length  on  slender,  rather  short  pedicels.    The  spikelets  aie  about  1| 

lines  long,  smooth   and  rather  acutely  pointed;  the  lowest  glume  is 

about  one-third  the  length  of  the  spikelet;  the  second  glume  is  slightly 

longer  than  the  perfect  flower  and  five  to  seven  nerves.    The  lower 

flower  is  staniinate  or  male  only,  the  glume  and  palet  thin,  the  upper 

flower  perfect,  much  thicker,  and  finely  wrinkled  transversely. 

This  grass  is  a  native  of  Africa,  but  has  been  introduced  into  many 
tropical  countries,  and  in  the  West  Indies  is  extensively  cultivated  for 
pasturage.    It  has  been  introduced  in  Florida,  but  is  yet  very  little 
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known  in  the  Southern  States.  It  has  been  confounded  with  the  John- 
son grass,  which  is  Very  different,  and  is  botanically  Sorghum  halapeiise. 
It  (the  Panicum  jumentorum)  seldom  matures  seed  in  this  country  and 
may  be  propagated  by  dividing  the  roots  or  by  obtaining  the  seed  from 
foreign  countries.  The  best  time  to  set  ont  the  roots  is  io  March  and 
April.  If  so  treated  it  is  said  that  they  will  be  ready  for  the  first  mow- 
'  iiig  by  the  last  of  May,  and  that  with  favorable  weather  mowing  may 
be  repeated  about  every  six  weeks  until  frost  occurs.  The  roots  are 
tender  and  easily  killed  bj'  irost,  and  should  therefore  be  protected  by 
mulching  during  the  winter.  It  is  too  tender  to  be  cultivated  except 
in  the  very  warmest  portions  of  our  country.  An  analysis  made  at  the 
Department  of  Agriculture  in  1878  shows  it  to  be  very  rich  in  nutritive 
materials.    (Plate  5.) 

Panicum  barbinode.     (Para  grass  P.  molle  Sicz.  in  Annual  Report, 

1883.) 

Thi3  is  quite  similar  in  general  appearance  to  the  preceding,  but  has 
smaller  leaves,  and  a  shorter,  less  spreading  panicle,  with  shorter,  more 
densely-flowered  branches.  The  spikelets  are  closer  together  and  very 
short-pediceled,  the  lowest  glume  is  about  one-fourth  as  long  as  the 
spikelet.  It  is  said  to  be  a  native  of  Africa.  It  has  been  introduced  into 
South  America,  and  in  Brazil  is  largely  cultivated  for  pasturage,  and 
is  said  to  be  unequaled  for  the  quantity  and  quality  of  the  feed  which 
it  produces.  Dr,  Charles  Mohr,  of  Mobile,  Ala.,  states  that  it  has  been 
some  years  introduced  in  that  vicinity,  and  that  it  is  extremely  pro- 
ductive and  valuable.  It  has  also  been  introduced  in  Florida.  (Plate 
6.) 

Panicum  miliaceum.    (Millet  grass.)  , 

This  annual  species  grows  2  to  3  feet  high,  with  a  large,  open  nod- 
ding panicle  of  flowers.  The  stem  is  thick  and  branching  above,  the 
nodes  or  joints  swollen,  the  leaves,  and  especially  the  sheaths,  are  soft 
hairy.  The  leaves  are  numerous  and  about  6  inches  long.  The  flowers 
and  seeds  are  at  the  ends  of  the  slender  pedicils,  and  when  ripe  become 
yellow  in  color.  It  is  a  native  of  Asia,  where  it  has  been  cultivated 
for  ages,  and  in  many  parts  is  an  important  article  in  the  food  supply 
of  the  natives.  It  is  also  cultivated  in  Egypt,  Turkey,  and  Southern 
Europe.  It  has  been  cultivated  to  a  limited  extent  in  this  country  for 
forage,  and  will  thrive  and  ripen  in  the  Northern  as  well  as  the  Southern 
States. 

Mr.  Charles  L.  Flint  says: 

Millet  is  one  of  the  best  crops  we  have  for  cuttiug  and  feeding  green  for  soiling 
purpoaes,  since  its  yield  is  large,  its  Inxnriant  leaves  juicy  and  tender,  and  much  rel- 
ished by  milch  cows  and  other  stock.  The  seed  is  rich  in  nutritive  qualities,  but  it  is 
very  seldom  ground  or  used  for  Hour,  though  it  is  said  to  exceed  all  other  kinds  of  meal 
or  flour  in  nutritive  elements.  An  acre  well  cultivated  will  yield  from  60  to  70  bushels 
of  seed.  Cut  in  the  blossom,  as  it  should  be  for  feeding  to  cattle,  the  seed  is  compar- 
atively valueless.  If  allowed  to  ripen  its  seed,  the  stalk  is  no  more  nutritious,  proba- 
bly, than  oat  straw. 
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Of  the  native  species  of  Panicum  we  will  notice  a  few : 

Panicum  Texanum.    (Texas  millet.) 

This  grass  is  a  native  of  Texas,  and  was  first  described  and  Danii 
by  Prof.  S.  B.  Buckley  in  1866.  It  is  an  annual,  growing  from  2  to 
feet  bigb,  at  iirst  erect,  then  becoming  decumbent  and  widely  spi 
ing,  Rpariugly  branched,  very  leafy,  the  sheaths  and  leaves  soft  haii 
the  margin  of  the  leaves  rough,  the  blade  of  the  leaf  6  to  8  inches  Iodj 
and  one-half  to  1  inch  wide,  the  upper  leaves  reaching  to  the  baseof  t] 
panicle,  or  nearly  so ;  the  panicle  is  6  to  8  inches  long,  strict  or  cl( 
the  branches  alternate,  erect,  simple,  3  to  4  inches  long,  with  8om< 
what  scattered  sessile  spikelets.  The  branches  of  the  panicle  are  rougl 
the  pedicels  with  scattered  hairs,  especially  near  the  flowers  ]  the  spik^ 
lets  are  oblong,  somewhat  pointed,  2  to  2^  lines  long,  sparsely  bail 
the  lower  glume  is  half  or  two- thirds  the  length  of  the  upper  one,  acal 
five-nerved,  the  lateral  nerves  uniting  with  the  mid-nerve  below  tl 
apex,  the  upper  empty  glume  prominently  five  to  seven  nerved,  poinU 
the  flowering  glume  of  the  sterile  flower  is  five  to  seven  nerved,  i( 
palet  thin  and  transparent,  as  long  as  the  glume,  the  perfect  flow^ 
ovate  or  oblong-ovate,  acutish,  transversely  wrinkled  with  fine  relief 
lated  lines. 

It  is  a  grass  of  rapid,  vigorous  growth,  many  stalks  proceeding  fro] 
the  same  root,  growing  very  close  and  thick  at  the  base,  succulent, 
yielding  a  large  amount  of  forage. 

Mr.  Pryor  Lea,  of  Goliad,  Tex.,  has  had  it  in  cultivation  a  nanio 
of  years,  and  states  as  follows : 

I  consider  it  far  superior  to  any  grass  that  I  ever  saw  for  hay.    It  is  a  macb  m« 
certain  crop  than  luillet,  and  cultivated  with  less  labor,  and  aU  kinds  of  stock  pi 
fer  it.    In  this  region  it  is  regarded,  in  the  condition  of  well-cured  hay,  as  more  nl 
tritious  than  any  other  grass.     It  grows  only  in  cultivated  ground  ;  it  prospers 
in  the  warmest  season  of  the  year;  its  luxurious  growth  subdues  other  grasses 
some  weeds,  with  the  result  of  leaving  the  ground  in  an  ameliorated  condition. 

Mr.  H.  W.  Ravenel,  of  Aiken,  S.  C,  says  he  has  been  cultivatii 
Panicum  Texanum  for  several  years.  It  is  hardy  and  naturalized  tbei< 
freely  seeding  and  propagating  itself,  coming  up  in  his  grounds  vil 
other  grasses,  and  much  larger  and  better  than  any  of  them  for  bi 
and  forage. 

The  experiments  of  Professor  Phares  and  others,  in  Mississippi,  sul 
stantially  confirm  the  statements  of  Mr.  Lea,  although  it  is  said  that! 
will  hardly  hold  its  own  against  the  common  crab  grass  (DigUai 
sanguinale).  It  has  been  called  concho  grass  in  some  parts;  in  otbej 
Colorado  bottom  grass.  It  is  stated  that  on  the  Colorado  bottoms, 
Texas,  many  of  the  farmers  have  devoted  their  farms  entirely  to 
production,  finding  it  more  profitable  than  corn  or  cotton.  It  is 
twice  and  sometimes  three  times  in  a  year,  yielding  about  one  aD<ll 
half  tons  per  acre  at  each  cutting.     (Plate  7.) 
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Panicum  proliperum. 

This  specie^  has  a  wide  rauge  of  growth,  being  found  in  the  North- 
ern and  Western  as  well  as  the  Southern  States,  growing  late  in  the 
season,  generally  in  low  waste  grounds.  The  stems  are  flattened,  erect- 
ish,  or  decumbent,  spreading  and  rooting  at  the  lower  joints.  It  is  a 
useful  grass  as  helping  out  the  supply  of  wild  fodder,  but  does  not  pre- 
sent particular  x)romise  for  cultivation.  But  in  the  Southern  States, 
from  South  Carolina  westward,  there  occurs  a  variety  of  this  grass, 
called  Panicum  proliferum^  var.  geniculatum^  or  sprouting  crab  grass. 

It  is  an  annual,  growing  in  low  moist  ground.  The  stems  are  at  first 
erect,  then  becoming  decumbent  and  spreading,  frequently  attaining  a 
length  of  6  or  7  feet,  bent  and  rooting  at  the  lower  joints.  It  has  much 
the  same  habit  as  the  Panicum  texanum^  but  the  stems  are  more  flat- 
tened and  smoother ;  the  leaves  are  smoother  and  longer.  The  stems 
are  sometimes  nearly  an  inch  thick  at  the  base  and  very  succulent. 
The  leaves  are  sometimes  2  feet  long  and  half  to  three-fourths  of  an 
inch  wide.  The  lower  joints  give  out  numerous  branches,  which  de- 
velop flowering  panicles  that  are  partly  inclosed  in  the  large  leaf- 
sheaths.  The  main  stem  is  also  terminated  by  a  diffuse  panicle  some- 
times 2  feet  long.  Large  specimens  have  a  handsome  appearance. 
The  spikelets  are  pale  green,  rarely  purplish,  about  one  line  long.  The 
neutral  flower  is  a  little  longer  than  the  perfect  one,  the  lower  empty 
glume  broad  and  short,  the  upper  acute  and  strongly  seven-nerved. 
Mr.  Charles  Mohr,  of  Mobile,  says  of  it : 

Id  damp  grassy  places  it  prefers  rich  ground  throughout  the  coast  regiou.  It  com- 
mences to  vegetate  vigorously  in  the  hottest  part  of  the  summer,  throwing  out  nu- 
merous shoots  from  the  joints,  forming  large-hranched  hushes.  The  foliage  is  rich 
and  tender,  and  the  sncculent,  thick  stems  are  sweet  and  juicy.  After  cutting,  it 
throws  out  unmerous  spronts  from  the  lower  joints,  which  grow  rapidly,  so  as  to  al- 
low repeated  cuttings  until  frost.  It  is  through  all  stages  of  its  growth  much  relished 
t»y  horses  and  cattle. 

(Plate  8.) 

Panicum  agrostoides.    (Bed-top  Panicum.) 

This  is  a  perennial  grass,  commonly  growing  in  large  clumps  in  wet 
meadows  or  on  the  muddy  margins  of  lakes  and  rivers.  It  grows  4  to 
8  feet  high,  is  erect  in  habit,  ancl  develops  its  reddish  panicles  from 
several  of  the  joints  as  well  as  at  the  apex.  The  stem  is  somewhat  flat- 
tened and  very  smooth,  as  are  the  sheaths;  the  leaves  are  1  to  2  feet 
long,  about  half  an  inch  wide,  and  somewhat  rough  on  the  margins  and 
midrib.  The  terminal  panicle  is  6  to  12  inches  long,  at  first  somewhat 
dope,  but  becoming  quite  open  and  diffuse.  The  lateral  panicles  are 
shorter  and  partly  inclosed  by  the  sheath  at  the  base.  The  branches 
of  the  panicle  are  mostly  1  or  2  inches  long,  and  rather  densely 
fiowered  nearly  to  the  base.  The  spikelets  are  a  little  more  than  a  line 
long,  on  very  short  pedicels,  mostly  racemose  on  one  side  of  the  branches, 
oblong,  acute,  the  lower  empty  glume  ovate,  acute,  half  as  long  as  the 
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.      npiwr  one,  which  is  rather  long-pointed  and  flve-nerred;  the  lowee< 
Btenle  flower  is  a  little  shorter  than  the  longer  glume  and  a  littk  d 
than  the  jierfect  flower,  which  is  oblong,  obtdse,  and  underalensi^ 
a  few  beards  at  the  apex.    This  grass  produces  a  large  amoont  <rf 
age  which  makes  fair  hay  if  cut  before  flowering  time;  if  leftlat 
contains  too  many  wii^-  stalks.    It  may  be  utilized  as  a  hay  cn^in: 
grounds,  but  it  is  doubtful  if  it  can  be  made  productive  on  dry, 
land.    (Plate  9.) 

Pakicum  ancbps.    (Two  edged  Panic  grass.) 

A  perennial  grass,  when  well  develoiied  resembling  the  preoedi 
but  of  a  smaller,  lighter  growth,  generally  found  in  moist  clay  soil 
has  a  flattish  ferect  stem,  2  to  3  feet  high,  with  smooth  leaves  a  foot 
more  long,  of  a  bluish-green  color,  and  mostly  near  the  base  of  the  sf 
The  rhizoma,  or  root-stock,  is  thick,  scaly,  and  creeping  near  the  sni 
of  the  ground.    The  panicle  is  6  to  12  inches  long,  with  short  bran 
near  the  top,  the  lateral  branches  3  to  6  inches  long,  rather  dial 
erect  or  somewhat  spreading.    Usually  there  are  also  several  sma 
lateral  panicles  from  the  upper  joints  of  the  culm.    The  spikelets 
about  a  hne  and  a  half  long,  a  little  longer  than  those  of  Pam 
agrogtotdes,  oblong,  lanceolate,  a  little  curved,  and  sessile,  or  on  v 
Short  pedicels.    The  lower  empty  glume  is  broadly  ovate,  and  about 
*"   .,°*^  **  *''®  *^'®  ^  8e\en  nerved  upper  one.    The  lower  glume  of . 
stenle  flower  is  as  long  as  the  upper  empty  glume  and  much  like  it 
texture,  while  the  palet  is  thin,  obtuse,  and  much  shorter.    The  perfi 
flower  IS  one  third  shorter  than  the  upper  empty  glume,  oblong;  t. 
flowering  glume  and  its  palet,  as  in  most  species  of  Panieum,  is  Uiic 
and  hard  m  texture.    This  cannot  be  considered  a  valuable  grass,  li 
It  frequently  occurs  in  neglected  and  poor  land  in  suflBcient  quantity 
afl-ord  considerable  grazing  for  stock.    It  makes  its  growth  late  in  t 
season,  usually  reaching  the  flowering  stage  in  August.     Dr.  Mohr,  ^ 
Mobile,  remarks  that  it  is  not  much  relished  by  stock,  being  rather 
harsh  and  drv. 

.n^'^fTT  ^'^""'^f  ""^'^  '*  ^""°'''  «trougly-rooted  spreading  clumps,  often 

Panktm  (!BiTs-GALLi.     (Bam-yard  grass.) 

u8^m->  Z  Trfr  ??'•''  ^''^^  ^^'''^''  «^«"*'  ^'••'^t'  «"•  procumbent  culms, 
lori  ?•  1  '"^"''"'^  branching  at  the  base.  The  leaves  a« 
nSnr"^  T.^ ^'''' ""^  ''^'*' *"  '"«•»  to  an  inch  wide,  rough  on«ie 
oTs  Z:.l  «.  r  ^^  Tf""''  ^'^'^•^''  «'^"'««'"^«  «""««'•'.  «"'»  the  lower 
V    iab le  n  !  ""''•'"•-'t"'  ""^  '^"=^'^-    '^''^  l»«"'«le-  ''ke  the  entire  plant,  i. 

rou.b  brln  '  "'.'"^''"'^  "^  **  ""™^«''  «f  alternate,  mostly  simple, 
lough  brnndu-s,  or  frequently  the  branches  are  glomerate  and  mJch 
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subdivided.  The  panicle  is,  in  different  varieties,  narrow  and  with  few 
s'hort,  simple  branches,  or  large  and  dense  with  long  and  spreading 
l>ranches.  The  glames  are  also  variable,  being  sometimes  awnless  and 
sometimes  provided  with  long,  rough  awns  or  beards.  These  variable 
features  have  been  indicated  by  special  names,  as  variety  mutica,  the 
form  without  beards;  var.  hispidaj  a  form  with  rough,  hairy-leaf  sheaths  ? 
x^'ariety  echinataj  a  form  with  long,  rough  awns  to  the  glumes.  The 
spikelets  are  densely  crowded  on  the  spikes  or  branches  of  the  panicle. 
The  glumes  are  usually  more  or  less  rough,  with  oppressed,  stiff  hairs, 
the  outer  empty  one  very  broad,  with  a  very  short  point  one-third  as 
long  as  the  pointed  upper  one,  the  glume  of  the  sterile  flower  still  longer 
and  frequently  having  a  long,  strong  awn  sometimes  an  inch  or  more  in 
length.  The  perfect  flower  is  ovate,  smooth,  pointed,  and  contains  a 
large  flattened  orbicular  seed.  This  grass  is  found  in  almost  all  parts 
of  the  world.  It  is  frequently  found  in  barnyards,  and  hence  the  com- 
mon name. 

In  the  Northern  States  it  is  esteemed  as  a  rough,  coarse  weed ;  in  the 
South  it  is  often  utilized  and  considered  a  very  useful  grass. 

Dr.  Charles  Mohe,  of  Mobile,  says  of  it : 

An  annaal,  2  to  3  feet  high,  beariDg  its  ronghly-awued  flowers  in  dense,  one-sided 
panicles,  composed  of  nnmerous  crowded  spikes ;  it  grows  luxuriantly,  particularly 
in  the  lowlands  of  the  coast ;  is  greedily  eaten  by  horses  and  cattle,  and  makes  a  hay 
of  good  qnality.  It  is  justly  regarded  as  an  excellent  grass,  particularly  before  it 
ripens  its  seed,  as  in  the  latter  stages  of  its  growth  the  long  and  stiff  awns  of  its 
spikes  tend  to  make  it  somewhat  unpalatable. 

Professor  Phares,  of  Mississippi,  says : 

In  Louisiana,  Mississippi,  and  some  other  States  it  is  mowed  annually.  Some 
farmers  assure  me  that  they  harvest  four  or  five  tons  of  hay  per  acre.  It  may  be  cut 
twice  each  season  by  making  the  first  mowing  as  soon  as  it  begins  to  bloom.  I  know 
no  one  who  plants  it ;  but  it  annually  reseeds  the  ground  and  requires  no  cultivation 
or  other  care,  save  protectiou  from  live  stock  and  the  labor  of  harvesting.  Being  a 
coarse  grass,  with  long  leaves  and  large  succulent  stems,  it  requires  care  to  cure  well. 
In  one  county  in  Mississippi  hundreds  of  acres  are  annually  mowed  on  single  farms. 
Cows  and  horses  are  very  fond  of  it,  whether  green  or  dry.  Farmers  who  have  tested 
it  most  thoroughly  for  many  years  prefer  it  to  the  best  corn  fodder. 

{Plate  11.) 

m 

Panicum  viEGATi'M  L.     (Tall  Panic  grass  ;  Switch  glass.) 

A  tall  perennial  grass,  3  to  5  feet  high,  growing  mostly  in  clumps  in 
moist  or  even  in  i\ry  sandy  soil,  very  common  on  the  sea-coast,  and  also 
in  the  interior  to  the  base  of  the  Rocky  Mountains.  The  culms  are 
erect,  firm,  and  un branched;  leaves  1  to  2  feet  long,  flat,  rough-mar- 
gined, otherwise  smooth,  one-tliird  to  one-half  inch  wide.  The  panicle 
is  large  and  diffuse,  rather  pyramidal,  from  6  inches  to  2  feet  long,  the 
branches  angular,  rather  verticillate,  the  lower  in  fives  or  more,  decreas- 
ing above,  flowering  mostly  near  the  extremities.  The  lower  branches 
are  frequently  half  as  long  as  the  panicle  and  much  subdivided.    The 
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spikelets  are  usually  short-stalked,  variable  in  size,  but  usuallj  about 
two  lines  long,  ovate,  sharp-pointed,  commonly  purplish.  The  lower 
empty  glume  is  from  half  to  two-thirds  as  long  as  the  upper,  both  an 
pointed,  sometimes  long  pointed ;  the  lower  glume  is  three  nerved,  the 
upper  one  five  to  seven- nerved;  the  lower  flower  is  male,  nearly  as 
long  as  the  upper  glume,  its  glume  five  to  seven-nerved  and  acute,  its 
palet  one-quarter  shorter,  thin,  two-nerved.  The  perfect  flower  ii 
shorter  than  the  lower  one,  smooth,  oblong,  and  obtuse.  This  is  a  good 
and  prolific  grass  if  cut  when  young;  when  ripe  it  becomes  harsh  and 
unpalatable.  It  forms  a  constituent  of  the  native  grasses  of  the  piaip 
ries,  particularly  in  moist  localities.    (Plate  12.)  « 

Panicum  divabioatum.    (Cane-like  Panicum.) 

A  tropical  and  subtropical  species  found  in  our  country  only  in  Flo^ 
ida  and  the  Gulf  States  near  the  coast.  It  is  a  shrubby  plant,  the 
culms  being  woody  and  persistent,  like  the  small  kind  of  cane.  Only 
the  leaves  and  young  shoots  are  eaten  by  cattle.  The  larger  stems  aii 
of  the  size  of  a  goose  quill.  It  is  smooth  and  decumbent,  with  shorty 
spreading  branches.  The  leaves  are  lanceolate,  2  to  3  inches  long  by 
four  to  five  lines  wide,  gradually  pointed.  The  panicles  terminate  the 
branches,  are  2  to  4  inches  long,  with  comparatively  short  divergent 
branches  and  few  flowers.  The  spikelets  are  obovate,  tumid,  aboot 
two  lines  long,  smooth.  In  the  districts  where  it  grows  this  grass  may 
be  utilized,  as  an  analysis  of  its  composition  gives  a  very  good  result* 
(Plate  13.) 

Panicum  qibbum. 

A  perennial  species,  growing  in  swamps  and  low  wet  ground  iu  the 
Southern  States,  from  North  Carolina  to  Florida  and  to  Texas.  The 
stem  is  decumbent,  branching,  and  rooting  at  the  lower  joints.  The 
panicle  is  3  to  5  inches  long,  and  narrow  from  the  erect,  appressed 
branches.  The  spikelets  are  oblong  or  lance  oblong,  rather  obtuse,  al- 
though narrowed  above.  The  lower  glume  is  small,  about  one-foorth 
as  long  as  the  upper  one,  which  is  strongly  eleven-nerved,  swollen  at 
the  base,  and  twice  as  long  as  the  smooth,  fertile  flower.  The  leaves 
are.  smooth  or  rarely  somewhat  hairy,  half  an  inch  broad  and  6  to  8 
inches  long.  The  whole  plant  is  of  a  deep  green  color.  The  flowers 
drop  oif  soon  after  flowering.  This  grass,  if  it  occurs  in  abundaDoe, 
would  be  of  considerable  value,  as  it  furnishes  a  good  deal  of  natrj- 
tious  matter.     (Plate  14.) 

Panicum  obtusum.    (Obtuse-flowered  Panicum.) 

A  perennial  species  of  Texas,  ^ew  Mexico,  and  Arizona.  It  has  a 
strong,  running  root-stock,  which  at  intervals  sends  up  flowering  culms, 
which  are  about  1 J  to  2  feet  high,  very  smooth,  pale  green,  with  nu- 
merous smooth,  narrow,  erect,  stiff',  long-pointed  leaves,  and  a  narrov 
linear  panicle,  3  to  4  inches  long,  comi^osed  of  about  half  a  dozen 
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short,  alternate,  sessile  branches,  the  lowest  about  an  inch  in  length, 
the  upper  very  short,  and  all  densely  crowded  with  the  sessile  flowers. 
The  two  outer  glumes  are  of  nearly  equal  length,  or  the  lower  one 
rather  the  longer,  which  is  different  from  the  ordinary  rule  of  the  ge- 
nus. They  are  obtuse,  five  to  seven-nerved,  and  fully  as  long  as  the 
male  or  sterile  flower,  which  is  also  obtuse.  The  perfect  flower  is  of 
equal  length  with  the  sterile  one,  very  smooth,  shining,  delicately  stri- 
ate longitudinally,  and  obtusish.  Leafy  runners,  2  to  3  feet  long,  are 
sent  out  form  the  base,  which  at  intervals  form  thickened  woolly  knots 
or  nodes  which  eventually  take  root  This  grass  will  evidently  have 
great  endurance  of  drought,  and  is  deserving  of  trial  with  reference 
to  its  agricnitnral  value. 

Panicum  CAPiLLARE.    (Old  Witch  grass ;  Hair-stalked  Panic  grass.) 

An  annual  grass  varying  in  height  from  6  inches  to  2  feet,  often 
branching  at  the  base.  It  has  a  large  terminal  panicle,  which,  when 
mature,  is  very  diffuse,  with  long  capillary  branches.  The  leaves  and 
sheaths  are  usually  covered  with  long  spreading  hairs.  It  is  very  com- 
mon in  cultivated  grounds,  making  its  growth  late  in  the  summer,  and 
after  matarity  the  tops  break  off  and  are  blown  about  and  accumulate 
in  quantities  in  fence  corners.  There  is  a  smoothish  form  growing  in 
Texas  and  the  Western  Territories.  The  grass  is  generally  rejected  by 
oatUe,  especially  the  very  hairy  forms.  It  is  one  of  the  most  worthless 
kinds.    (Plate  15.) 

There  are  many  other  species  of  Panicum  which  have  some  value  as 
wild  forage  where  they  prevail,  but  they  are  generally  scanty  in  foliage, 
thin  in  habit  of  growth,  or  otherwise  unsuitable  for  cultivation. 

Setabia. 

The  structure  of  the  flowers  in  this  genus  is  the  same  as  in  Panicum^ 
of  which  genus  it  is  by  some  botanists  considered  only  a  section.  It  is 
characterized  as  follows.  The  spikelets  collected  into  a  cylindrical  or 
elongated  spike-like,  or  sometimes  interrui)ted,  panicle.  Below  the  ar- 
ticalation  of  the  spikelets  are  several  (or  one)  bristles  or  stiff  hairs, 
which  are  supposed  to  be  abortive  branchlets,  and  which  are  persistent 
after  the  fall  of  the  spikelets. 

Sbtabia  Italica.    (Hungarian  grass,  Italian  Millet,  German  Millet.) 

This  grass  is  snpx>osed  to  be  a  native  of  the  East  Indies,  but  it  has 
been  extensively  introduced  into  most  civilized  countries.  It  has  long 
beeo  cultivated  as  a  foddeiL grass  both  in  Europe  and  in  this  country. 
It  is  an  annual  grass  of  strong  rank  growth,  the  culms  erect,  2  to  3  feet 
high,  with  numerous  long  and  broad  leaves,  and  a  terminal,  spike-like, 
nodding  panicle,  4  to  6  inches  long,  and  often  an  inch  or  more  in  diam- 
eter. The  panicle  is  composed  of  a  great  number  of  small  closely - 
crowded  branches,  each  of  which  consists  of  a  small  group  of  several 
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clusters  of  ijpikelets,  at  the  base  of  each  of  which  there  springs  two  or 
three  bristles,  sometimes  short  and  sometimes  so  long  as  to  give  the 
head  a  very  bristly  appearance.  The  bristles  are  roughened  or  barbed 
by  numerous  teeth-like  processes  on  the  margin,  pointing  towards  the 
apex.  The  spikelets  are  about  1  line  long ;  the  lower  glume  is  about 
one-third  as  long  as  the  upper  one,  which,  with  the  glume  of  the  sterile 
flower,  is  obtusish  and  about  the  length  of  the  perfect  flower.  There  is 
a  great  difference  in  the  different  varieties  and  forms  of  this  grass,  so 
much  so  that  some  of  them  have  been  considered  different  species,  bnt 
the  general  opinion  of  botanists  is  that  they  are  all  varying  forms  of  the 
same  species,  dependent  upon  the  character  of  the  soil,  thickne^  of 
seeding,  moisture  or  dryness,  and  time  of  sowing.  It  owes  its  value  as 
a  fodder  plant  to  the  abundance  of  its  foliage  and  to  the  large  quantity 
of  seed  produced.  In  some  instances  objection  has  been  made  to  this 
grass  on  account  of  the  bristles  which  surround  the  seed,  and  which 
have  been  said  to  penetrate  the  stomachs  of  cattle  so  as  to  cause  inflam- 
ation  and  death.  But  it  is  plain  that  this  opinion  is  not  generally 
held,  as  the  cultivation  of  the  grass  is  widely  extended  and  everywhere 
recommended. 

For  forage  it  should  be  cut  as  soou  as  it  blooms,  when  of  coarse,  it  is  worth  nothiDg 
for  seed,  but  is  most  vahiable  for  forage  and  exhausts  the  laud  much  less.  If  left 
for  the  seed  to  mature  they  are  very  abundant  and  rich  feed,  but  the  stems  are  worth- 
less while  the  soil  is  more  damaged.  The  matured  stems  are  very  hard,  indigestible 
and  injurious,  and  the  ripe  seeds  will  founder  more  promptly  than  corn,  and  aonid- 
times  produce  diabetes  if  mouldly  and  too  freely  used.  If  cut  at  the  right  stage  the 
whole  plant  is  a  safe  and  very  valuable  forage.  On  good  soil  if  the  ground  be  moist 
it  will  be  ready  for  mowing  in  sixty  days  from  seeding  and  produce  from  two  to  fonr 
tons  of  hay  per  acre.    It  is  folly  to  sow  it  on  poor  land. — Professor  Phares. 

(Plate  16.) 

Setabia  setosa.    (Bristle  grass,  Fox  tail.) 

A  native  species  growing  in  New  Mexico,  Texas,  and  southward  ioto 
Mexico  and  South  America.  It  grows  about  2  feet  high.  The  stem  and 
leaves  are  smooth  except  a  fine  hairy  ring  at  the  joints.  The  leaves  are 
6  to  10  inches  long,  narrow,  and  gradually  tapering  to  a  long  point. 
There  is  a  tuft  of  short  white  hairs  at  the  top  of  the  leaf  sheath.  The 
panicle  is  4  to  6  inches  long,  erect  or  slightly  nodding  at  the  top,  nar- 
rowly cylindrical  with  very  short  sessile  branches,  usually  somewhat 
interrupted  below,  sometimes  the  lower  branches  are  longer  and  the 
panicle  looser.  It  has  much  the  appearance  of  the  other  species  which 
we  called  Pigeon  grass.  The  axis  of  the  panicle  is  scabrous.  The  lower 
glume  is  broadly  ovate,  more  than  half  as  long  as  the  upper,  clamping 
the  base  of  the  spikelet,  three-nerved,  acute,  the  margins  scarious  and 
minutely  pubescent ;  the  upper  glume  is  also  broadly  ovate,  short-point«d, 
five-nerved,  about  as  long  as  the  perfect  spikelet ;  the  glumes  of  the 
sterile  flower  are  much  like  the  upper  empty  glumes  and  also  five- nerved ; 
its  palet  is  about  two-thirds  as  long  as  the  glume,  and  much  narrower; 
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the  perfect  flower  is  oblong,  very  finely  striate  and  dotted.  The  bristles 
are  variable  in  length,  about  one  to  each  spikelet,  usually  three  to  four 
times  as  long  as  the  spikelet. 

We  know  little  as  to  the  agricultural  value  of  this  species ;  as  it  is 
found  in  the  arid  districts  it  is  deserving  the  attentionof  farmers  of  that 
section.    (Plate  17.) 

Setabla  glanca.    (Pigeon  grass.  Bottle  grass.) 

A  native  of  most  tropical  and  many  temperate  climates,  and  has  been 
introduced  into  most  cultivated  fields,  springing  up  or  growing  after  the 
catting  of  wheat  and  early  grain,  and  making  its  growth  in  the  latter 
part  of  the  season.  It  is  generaly  an  annual,  but  southward  it  assumes 
a  perennial  form.  It  grows  about  2  feet  high,  with  leaves  6  to  9  inches 
long,  one-fourth  to  one-third  of  an  inch  wide,  and  generally  smooth.  The 
panicle  is  terminal,  cylindrical,  2  to  3  inches  long,  and  about  one-third  of 
an  inch  wide,  dense  and  spikelike  from  the  numerous,  approximated 
short  branches  or  clusters  of  flowers.  These  clusters  consist  of  from 
one  to  three  spikelets,  having  at  the  base  of  each  a  cluster  of  from  six 
to  ten  bristles,  which  are  two  to  four.lines  long,  and  finely  barbed  up- 
wardly. When  mature  t'hey  assume  a  tawny  yellow  color.  The  spike- 
lets  are  a  little  over  aline  long,  oblong ;  both  the  outer  glumes  are  short 
and  broad,  the  lower  one  third  and  the  upper  two-thirds  as  long  as  the 
flower;  the  glume  of  the  male  or  lower  flower  is  broadly  ovate,  obtusish 
and  five-nerved,  its  palet  is  of  equal  length  and  two-nerved ;  the  perfect 
flower  is  oblong,  beautifully  striated  longitudinally,  wrinkled  and  dotted 
transversely.  This  grass  is  often  found  with  the  next  (&  Viridi8)j  in 
stttbbie  fields,  and  furnishes  a  considerable  amount  of  fodder,  which  is 
as  nutritious  as  Hunsrarian  grass,  but  not  as  productive.  The  figure 
(Plate  18)  does  not  represent  a  sufficient  quantity  of  bristles. 

Setaria  viridis.     (Green  Pigeon  or  Foxtail.) 

This  species  has  the  general  habit  and  appearance  of  the  preceding;  it 
differs  in  the  commonly  looser,  longer,  and  more  tapering,  less  erect 
spike,  in  the  smaller  spikelets,  shorter  lower  glume,  less  distinctly 
transversely  wrinkled  seed,  and  in  fewer  bristles,  which  are  of  a  green- 
ish color.  It  grows  in  the  same  situations  and  commonly  with  the  pre- 
ceding. The  seeds  of  both  kinds  are  eagerly  sought  for  by  birds  and 
poultry,  especially  among  the  stubble  after  harvesting  wheat. 

Penicillaria  spicata.     (African  cane,  Egyptian  Millet,  East  India 

Millet,  Cattail,  and  Pearl  Millet.) 

A  tall,  erect,  thick  stemmed  grass.  It  grows  to  the  height  of  6  feet 
or  more,  and  thestock  is  terminated  by  a  compact,  dense,  cylindrical  spike 
resembling  the  common  cat-tail,  frequently  a  foot  long  and  an  inch  in 
thickness,  which  is  studded  with  the  small  obovate  sessile  grains,  sur- 
rounded at  the  base  by  an  abundance  of  short,  coarse  hairs  or  bristles. 
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This  millet  has  beea  more  or  less  caltivated,  especially  in  the  Soatherii 
States,  for  many  years.  Jn  rich  ground  it  is  said  to  yield  an  immense 
amount  of  forage,  for  which  purpose  it  should  be  cut  before  it  has  ma- 
tured, and  may  be  cut  many  times  during  the  season.  It  is  extensirelj 
cultivated  in  India  and  there  forms  an  important  article  of  food  for  the 
natives. 

Spabtina. 

A  genus  of  coarse,  perennial  grasses,  growing  mainly  in  manby 
ground,  from  extensively-creeping,  scaly  root  stocks.  The  leaves  are 
long  and  tough  and  the  sheaths  smooth.  The  flowers  are  produced  in 
racemed  'spikes,  the  spikes  varying  in  size  and  arrangement  in  different 
species.  The  flowers  are  arranged  in  two  ranks  on  one  side  of  a  trian- 
gular axis,  being  closely  sessile  and  more  or  less  imbricated.  The  spike- 
lets  are  one-flowered,  much  flattened  laterally.  The  outer  glumes  are 
strongly  compressed  and  keeled,  acute  or  bristle-pointed,  the  keel  mostly 
rough-hispid,  the  upper  one  longer  and  larger  than  the  obtusish  flower. 
The  flowering  glume  is  strongly  compressed  and  is  shorter  than  the 
thin  membranaceous  palet.  There  are  about  Ave  species  in  the  United 
States. 

Spartina  cynosuboides.    (Fresh- water  Cord  grass.  Fall  Marsh  grass.) 

This  species  has  a  wide  range,  from  near  the  coast  to  the  Missonri 
Eiver.  In  the  Western  States  it  is  very  plentiful,  often  forming  a  large 
part  of  the  grass  of  the  sloughs  and  wet  marshes  of  that  region.  It  is 
coarse  and  stout,  growing  from  3  to  5  feet  high,  with  leaves  2  to  3 
feet  long.  The  top  of  the  culm  for  about  1  foot  is  occupied  by  from  five 
to  ten  flower  spikes,  which  are  from  1^  to  3  inches  long,  and  the  spike- 
lets  are  very  closely  imbricated.  The  outer  glumes  are  unequal,  the 
lower  one  linear-lanceolate,  the  upper  one  lanceolate,  with  a  long,  stiff 
point.  The  flowering  glume  is  about  as  long  as  the  lower  glume,  the 
upper  half  of  the  stout  keel  strongly  hispid.  The  palet  is  thin  mem- 
branaceous, two-nerved,  and  longer  than  its  glume. 

This  grass  is  frequently  cut  for  hay,  but  it  is  a  very  coarse,  inferior 
artiele,  unless  cut  when  very  young.  It  gives  good  feed  very  early  in 
the  spring,  but  becomes  so  coarse  as  soon  to  be  rejected  by  the  cattle 
when  anything  better  is  procurable.  In  the  bottom  lands  of  the  Mis- 
sissippi it  is  abundant,  and  has  to  some  extent  been  manufactured  into 
paper.    (Plate  19.) 

Spartina  juncea.    (Marsh  grass.  Salt  grass,  Eush  salt  grass.) 

A  slender,  rigid  grass,  usually  1  to  2  feet  high,  from  a  creeping,  scaly 
rhizoma ;  leaves  involute,  rush-like,  and  rigid ;  panicle  composed  of  three 
to  Ave  linear,  alternate,  shortly-peduncled,  spreading  spikes  1  to 2  inches 
long  and  an  inch  or  more  distant  on  the  culm.  The  spikelets  are 
crowded.    The  outer  glumes  are  very  unequal,  acute,  the  upper  one 
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linear-lanceolate,  strongly  compressed,  and  keeled,  four  or  five  lines  long, 
the  margins  membranaceous,  the  middle  thick,  and  the  keel  scabrous ; 
the  lower  one  is  less  than  half  as  long  as  the  upper,  narrow  and  thin. 
The  flowering  glume  is  about  four  lines  long,  lai>ceolate,  obtuse,  mem- 
branaceous, compressed,  and  with  a  thick  midrib  which  is  roughishnear 
the  apex;  the  palet  is  thiu,  as  broad  and  somewhat  longer  than  its 
glome.  This  grass  forms  a  large  portion  of  the  salt  marshes  near  the 
sea-coast.  It  makes  an  inferior  hay,  called  salt  hay,  which  is  worth 
about  half  as  much  per  ton  as  timothy  and  red-top.     (Plate  20.) 

Tripsacum  DACTYLOiDES.    (Gama-grass,  sesame-grass.) 

A.  tan,  perennial  grass,  found  both  North  and  South,  with  solid  culms 
from  thick  creeping  rhizomes,  broad  and  flat  leaves,  and  with  flower 
spikes  4  to  8  inches  long  produced  from  the  side  joints  and  from  the 
top,  either  singly  or  two  or  three  together.  The  uppt* r  portion  of  these 
spikes  is  staminate  or  male,  and  the  lower  portion  pistillate  and  pro- 
ducing the  seeds.  The  upper  or  male  portion  of  the  spikes  drops  off 
after  flowering.  The  fertile  portion  is  much  thickened,  somewhat  flat- 
tened and  angled,  and  the  fertile  flowers  and  seeds  are  deeply  embedded 
in  it.  This  part  of  the  spike  at  maturity  easily  breaks  up  into  short 
joints.  The  staminate  flowers  are  three  to  four  lines  long,  sessile,  and 
in  twos  at  each  joint  of  the  axis.  Each  spikelet  is  two  flowered,  the 
outer  glumes  are  somewhat  thick  and  coriaceous,  oblong,  the  lower  one 
obscurely  many-nerved,  the  upper  one  of  thinner  texture,  boat-shaped, 
five-nerved  and  scarious-margiued;  the  flowering  glumes  and  palets 
are  equal  in  length  to  the  outer  glumes,  very  thin  and  membranaceous, 
awnless;  the  anthers  open  by  two  pores  at  the  apex.  The  pistillate 
spikelets  are  single  at  eaeh  joint;  also  two-flowered ;  the  outer  empty 
glume  is  ovate,  cartilaginous- thickened,  the  inner  glume  much  thinner, 
and  pointed.  One  of  the  flowers  is  neutral,  the  other  fertile,  the  flow- 
ering glumes  and  palets  very  thin  and  scarious.  The  stigmas  are  long, 
purple,  and  feathered.  Mr.  Howard,  in  the  Manual  of  Grasses  for  the 
South,  says: 

This  is  a  native  of  the  South,  from  the  mountains  to  the  coast.  The  seed  stem 
was  up  to  the  height  of  5  to  7  feet.  The  seeds  break  off  from  tbe  stem  as  if  from  a 
joint,  a  single  seed  at  a  time.  The  leaves  resemble  those  of  corn.  When  cut  before 
the  seed  stems  shoot  np  they  make  a  coarse  but  nutritions  hay.  It  may  be  cut  three 
or  fonr  times  dnring  the  season.  The  quantity  of  forage  which  can  be  made  from  it 
isenormons.  Both  cattle  and  horses  are  fond  of  the  hay.  The  roots  are  almost  as 
large  and  strong  as  cane  roots.  It  would  require  a  team  of  four  to  six  oxen  to  plow 
it  up.  It  can,  however,  be  easily  killed  by  close  grazing,  and  the  mass  of  dead  roots 
would  certainly  enrich  the  land.  As  the  seeds  of  this  grass  vegetate  with  uncertainty, 
it  is  usually  propagated  by  setting  out  slips  of  the  roots  about  2  feet  apart  each  way. 
On  rich  land  the  tnssocks  will  soon  meet.  In  the  absence  of  the  iiner  hay  grasses  this 
will  be  foand  an  abundant  and  excellent  substitute.  .The  hay  made  from  it  is  very 
like  com  fodder,  is  quite  equal  to  it  in  value,  and  may  be  saved  at  a  tithe  of  the  ex- 
pense. 

This  accoant  is  concurred  in  by  other  writers.    (Plate  21.) 
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EucHLCENA  LUXURIANS.    (Teosiute,  Guatemala  grass.)      i 

This  grass  is  a  uative  of  Mexico  and  Central  America,  but  has  heen 
introduced  into  cultivation  in  various  parts  of  the  world,  and  recently 
in  the  Southern  States.  It  is  closely  related  to  Indian  corn  {zea  mayi). 
It  has  the  male  flowers  in  a  tassel  at  the  top  of  the  stalk.  The  fertile 
flowers  are  from  the  lateral  joints,  not  like  n^iaize,  on  a  thickened  axis, 
but  on  a  very  slender  stem,  and  inclosed  in  a  loose  external  husk. 

Prof.  Asa  Gray  writes  in  the  American  Agriculturist  for  August, 
1880,  respecting  this  plant,  as  follows : 

The  director  of  the  botanic  garden  and  govemmeDt  plantations  at  Adelaide,  South 
Australia,  reports  favorably  of  this  strong-growing  corn-like  forage  plant,  tbatthe 
prevailing  dryness  did  not  injure  the  plants,  which  preserved  their  healthy  gneni 
while  the  blades  of  other  grasses  suffered  materially.  The  habit  of  throwing  out 
young  shoots  is  remarkable,  sixty  or  eighty  rising  to  a  height  of  5  or  6  feet.  Further 
north,  at  Palmerston  (nearer  the  equator),  in  the  course  of  five  or  six  months  the 
plant  reached  the  height  of  12  to  14  feet,  and  the  stems  on  one  plant  numbered  fifty- 
six.  The  plants,  after  mowing  down,  grew  again  several  feet  in  a  few  day?.  The 
cattle  delight  in  it  in  a  fresh  state,  also  when  dry.  Undoubtedly  there  is  not  a  mora 
prolific  forage  plant  known  ;  but  as  it  is  essentially  tropical  in  its  habits,  this  Inxa* 
riant  growth  is  found  in  tropical  or  subtropical  climates.  The  chief  drawback  to  it9 
culture  w^ith  us  will  be  that  the  ripening  of  the  seed  crop  will  be  problematical,  as 
early  frosts  will  kill  the  plant.  To  make  the  Teosinte  a  most  useful  plant  in  Texas 
and  along  our  whole  southwestern  border,  the  one  thing  needful  is  to  develop  early- 
flowering  varieties,  so  as  to  get  seed  before  frost.  And  this  could  be  done  without 
doubt  if  some  one  in  Texas  or  Florida  would  set  about  it.  What  it  has  taken  sg«s 
to  do  in  the  case  of  Indian  com,  in  an  unconscious  way,  might  be  mainly  done  iu  a 
human  life-time  by  rightly-directed  care  and  vigorous  selection. 

Zea  mays.    (Indian  com.) 

This  plant  is  too  well  known  to  need  more  than  a  botanical  descrip- 
tion. The  staminate  or  male  flowers  are  produced  at  the  apex  of  the 
stalk  in  a  large,  branched  panicle,  a  foot  or  more  in  length.  The 
branches  of  the  panicle  are  rather  slender,  8  to  10  inches  long,  with  a  few 
shorter  subbranches  near  the  base.  They  are  flower- bearing  through  their 
entire  length.  The  flowers  are  in  small  clusters  of  two  to  four  spikelets 
at  each  joint  of  the  flattened  axis,  on  very  short,  slender  pedicels,  or  some 
of  them  almost  sessile,  the  difl'erent  clusters  somewhat  overlapping  each 
other.  The  spikelets  are  each  four  to  five  lines  long  and  two-flowered. 
The  outer  glumes  are  membranaceous,  lanceolate,  and  acute  or  acumi- 
nate, sparsely  hairy,  five  to  nine  nerved,  and  delicately  purple  striped. 
The  flowering  glumes  and  palets  are  nearly  rs  long  as  the  outer  glumes, 
lance  oblong,  alike  in  texture,  very  thin  membranaceous,  the  glume 
three-nerved,  the  palet  two  nerved,  both  delicately  fringed  on  the  mar- 
gins near  the  apex  with  soft  white  hairs.  Stamens,  three  iu  each 
flower. 

The  female  or  pistillate  flowers  are  produced  from  lateral  joints  of 
the  stem  on  a  hard,  thickened,  cylindrical  spike  or  axis,  called  the  cob, 
iu  longitudinal  rows  (usually  eight  to  sixteen).  The  spikelets  are  closely 
sessile  and  packed  in  the  rows.    The  structure  of  the  spikelets  is  some- 
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what  obscure.  The  glumes  aod  palets  are  reduced  to  a  few  scales  at 
the  base  of  the  large  grain,  and  are  usually  unnoticed.  At  the  apex  of 
each  grain  is  produced  a  long  threadlike  style,  varying  from  a  few 
inches  to  a  foot  long.  The  entire  axis,  or  ear  of  corn  as  it  is  called,  is 
enwrapped  by  a  number  of  leaf-like  bracts,  commonly  called  the  husks. 
The  long  thread  like  styles  extend  beyond  and  protrude  from  the  point 
of  this  envelope,  where  they  may  be  fertilized  by  the  pollen  falling 
upon  them  from  the  male  flowers  in  the  terminal  panicle.  There  is  a 
variety  of  maize  in  which  each  kernel  or  grain  of  the  corn  is  enveloped 
by  a  husk  of  three  or  four  pieces  three-fourths  of  an  inch  to  1  inch 
long.  Tt  is  supposable  that  these  are  the  normal  envelopes,  which  in 
other  varieties  have  become  abortive. 

ZiZANiA  AQUATICA.    (Wild  ricc,  Indian  rice.  Water  oats.) 

This  grass  is  botanically  related  to  the  common  commercial  rice  (Oryza 
sativa),  but  is  very  different  in  general  appearance.  It  is  widely  diffused 
over  !North  America,  and  is  found  in  Eastern  Siberia  and  Japan.  It 
grows  on  the  muddy  banks  of  rivers  and  lakes,  both  near  the  sea  and 
far  inland,  sometimes  in  water  10  feet  or  more  deep,  forming  patches  or 
meadows  covering  many  acres  or  extending  for  miles.  Its  ordinary 
growth  is  from  5  to  10  feet  high,  with  a  thick  spongy  stem  and  abun- 
dant long  and  broad  leaves.  The  panicle  is  pyramidal  in  shape,  1  to  2 
feet  long,  and  widely  branching  below.  The  upper  branches  are  rather 
appressed  and  contain  the  fertile  flowers,  and  the  lower  branches  con- 
tain only  staminate  ones.  The  spikelets  are  one-flowered,  each  with  one 
pair  of  external  husks  or  scales,  which  are  by  some  botanists  called 
glnmes,  and  by  others  called  palets.  These  husks  or  glumes  in  the 
fertile  flower  are  nearly  or  quite  an  inch  long,  with  an  awn  or  beard  as 
long  or  twice  as  long.  The  grain  inclosed  between  them  is  half  an  inch 
long,  slender,  and  cylindrical.  The  glumes  of  the  staminate  flowers  are 
aboat  half  an  inch  long  and  without  awns,  each  flower  containing  six 
stamens.  These  flowers  fall  off  soon  after  they  expand.  The  fertile 
flowers  also  drop  very  readily  as  soon  as  the  grain  is  ripened.  The  grass 
abounds  in  the  small  lakes  of  Minnesota  and  the  Northwest,  and  is  there 
gathered  by  the  Indians  for  food.  The  husk  is  removed  by  scorching 
with  fire.  It  is  a  verj'  palatable  and  nutritious  grain.  Some  attempts 
have  been  made'  to  cultivate  the  grass,  but  the  readiness  of  the  seed  to 
drop  must  interfere  with  a  successful  result.  Near  the  sea-coast  multi- 
tudes of  reed  binls  resort  to  the  marshes  where  it  grows  and  fatten  upon 
the  grain.  The  culms  are  sweet  and  nutritious,  and  cattle  are  said  to 
be  very  fond  of  the  grass.    (Plate  22.) 

Leebsia. 

A  genus  of  rough-leaved  grasses  growing  for  the  most  part  in  marshy 
or  moist  ground  throughout  nearly  all  parts  of  the  United  States. 
There  are  about  five  species,  two  of  which  are  confined  to  the  Southern 
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States ;  the  others,  at  least  two  of  them,  are  very  common,  though  rarely 
occnrring  in  great  quantity.  They  are  sometimes  cut  for  hay.  They 
cannot  be  recommended  for  culture,  but  may  be  utilized  wherever  they 
grow  spontaneously.  The  flowers  grow  in  spreading  panicles.  The 
spikelets  are  sessile,  on  short  one-sided  branches  or  spikes.  The  spike- 
lets  are  one-flowered,  possessing  but  two  scales,  which '  may  be  called 
glumes  or  palets,  which  are  strongly  compressed,  without  awns,  bristly 
ciliate  on  the  keels,  the  lower  one  broader  and  inclosing  the  seed. 
Stamens,  one  to  six  ^  stigmas,  two ;  grain  flattened.  The  two  common 
species  are: 

1.  Leersia  oryzoides.    (White  grass,  Cut  grass.  False  rice.) 

This  is  a  handsome  grass,  the  culms  decumbent.  It  is  commonly 
called  rice  grass,  from  its  strong  resemblance  to  common  rice.  The 
leaves  are  pale  green,  frequently  a  foot  or  more  long,  prominently  veined 
below,  very  rough  on  the  margins  and  on  the  sheaths.  The  panicle  is 
about  1  foot  long,  diffusely  branched,  the  branches  mostly  in  twos,  and 
an  inch  or  two  distant.  The  spikelets  are  very  flat,  about  two  line* 
long,  nearlj^  sessile,  and  mostly  toward  the  ends  of  the  long  branches.: 
The  glumes  are  unequal,  the.  lower  one  much  the  broader;  the  palets 
are  wanting.  The  leaves  are  so  rough  on  the  margins  as  readily  to  cat 
the  hand  if  roughly  drawn  through  it. 

2.  Leersia  Virginica.    (Small-flowered  White  grass.) 

In  this  species  the  panicle  is  much  smaller  and  narrower,  and  ths^ 
branches  appressed.  The  spikelets  are  smaller,  the  glumes  narrower 
and  smoother,  and  there  are  but  two  stamens.  The  leaves  are  narrower 
and  smoother  than  in  the  first. 

HiLARIA  JAMESII. 

This  grass  was  formerly  called  Plenraphis  JamesU.  It  is  a  native  of 
the  arid  regions  extending  from  Mexico  to  Colorado,  growing  in  clamps : 
from  strong,  scaly  runners  or  rhizomas.  The  base  of  the  culm  is  asa* 
ally  covered  with  the  dried  leaves  of  the  preceding  year.  The  culms^ 
are  from  1  to  1^  feet  high,  with  a  few  short,  rigid,  light  green,  or  blai( 
green  leaves,  which  are  more  or  less  involute.  Each  culm  is  termini 
by  a  simple,  loose  spike,  1  or  2  inches  long,  with  alt45rnate  clusters 
sessile  spikelets.  These  clusters  are  quite  complex  in  structure^ 
one  containing  three  spikelets,  one  central  and  two  lateral.  The  cent 
spikelet  consists  of  a  single  fertile  flower,  and  the  lateral  spikelets 
of  two  male  flowers.  The  lower  glume  in  each  lateral  spikelet  is  awn< 
about  the  middle.  The  two  outer  glumes  of  the  central  spikelet  aiej 
bifid  or  two  lobed,  strongly  nerved,  and  with  the  nerves  extended  int^j 
awns  reaching  beyond  the  apex  of  the  glume 

We  do  not  know  to  what  extent  this  grass  prevails,  nor  what  may  be 
its  agricultural  value.    (Plate  23.) 
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Andbopogon. 

There  are  nuraeroiis  species  of  this  ji^enus.  They  are  perennial  grasses,. 
mostly  tall,  and  with  tough,  wiry  steins.  Some  of  them  occur  in  nearly 
all  parts  of  the  couulry  from  New  England  to  Florida  and  west  to  Ari- 
zona. They  are  most  abundant,  however,  in  the  Southern  Slates,  where 
they  have  been  employed  for  permanent  pastures.  When  they  occur  in 
quantity  they  can  be  utilized,  but  to  be  of  value  they  should  be  kept 
from  sending  up  their  strong  stems  as  these  are  universally  rejected  by 
cattle  and  horses.  They  are  not  to  be  recommended  for  cultivation, 
but  their  place  should  as  soon  as  possible  be  supplanted  by  more  valu- 
able grasses. 

We  will  mention  the  more  common  kinds  : 

1.  Andeopogon  Vibginious.     (Broom  grass,  Broom  sedge.) 

This  species  has  an  extended  range  oa  the  eastern  part  of  this  conti- 
nent, growing  in  a  great  variety  of  soils  and  situations,  but  mostly  on 
dry  hills,  abandoned  fields,  or  stony  woods  and  pastures.  The  culms 
are  from  2  to  4  feet  high,  and  very  leafy ;  the  leaves  two-ranked  at 
the  base,  smooth  except  a  few  long  hairs  on  the  margins  and  at  the 
throat  of  the  sheath.  The  panicle  is  long,  narrow,  and  leafy,  1  to  2  feet 
long,  composed  of  numerous  lateral  branches  from  the  upper  joints. 
These  branches  are  several  times  subdivided  and  partly  inclosed  in 
the  long-leaf  sheath,  each  ultimate  sheath  or  bract  inclosing  usually  a 
pair  of  loose,  slender  flower  spikes.  These  spikes  are  about  I  inch  long, 
comprising  ten  or  twelve  joints,  each  joint  giving  rise  to  one  sessile  fer- 
tile spikelet,  and  a  hairy  pedicel  longer  than  the  fertile  Bower,  at  the 
summit  of  which  there  is  the  vestige  of  a  flower,  or  a  mere  bristle-like 
point.  The  fertile  spikelets  are  one-flowered  and  consist  of  two  outer 
thickish  glumes  and  two  thin  transparent  inner  ones,  one  of  which  has 
a  Rleiider  awn  three  or  four  times  its  own  length  ;  the  upper  one  is  by 
some  considered  as  a  palet,  and  is  not  awned.     (Plate  24.) 

2.  Anbropogon  scoparius.    (Wood  grass.  Broom  grass.) 

This  grass  usually  grows  from  2  to  3  feet  high,  the  flowering  spikes 
coming  out  in  small  clusters  from  many  of  the  side  joints  on  slender, 
graceful  j>ednncle8.  The  spikes  have  a  small  bract  near  the  base,  and 
consist  of  a  slender  axis,  with  from  six  to  ten  alternate  joints.  At  each 
joint  there  is  one  sessile,  fertile  spikelet,  and  a  flattteued  hairy  pedicel 
or  stalk  nearly  as  long  as  the  fertile  spikelet,  and  at  its  apex  a  rudi- 
mentary flower,  consisting  of  a  single  awned  glume.  The  fertile  spikelet 
has  two  outer,  empty,  narrowly  lanceolate  glumes,  about  four  lines  long. 
The  flowering  glume  is  very  thin,  and  furnished  with  a  twisted  awn 
twice  as  long  as  the  flower.  The  palet  is  also  very  thin  and  shorter  than 
its  glume. 

Mr.  Charles  Mohr,  of  Mobile,  says  of  this  grass : 

Oue  of  our  most  commoa  grosses,  coveriug  old  fields  and  fence-rows,  and  extensively 
growing  in  tlie  dry  sandy  soil  of  the  pine  woods.     Much  despised  as  it  is  as  a  trouble- 
2218  GR 4 
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Bonie,  iinsightly  weed,  it  has  its  good  qualities)  which  entitle  it  to  a  more  charitabh 
couhiileratioD.  lu  the  dry  piue  woods  it  contributes,  while  green  and  tender,  a  l^ij^j 
share  to  the  sustenance  of  stock.  { 

(Plate  25.) 

3.  Andropogon  macrourus.     (Heavy  topped  Broom  grass.) 

This  species  is  frequent  ou  low  sandy  ground  near  tbe  coast,  frM 
New  Jersey  to  Florida  and  tlience  westward  to  Texas.  It  has  a  sto^ 
culm  2  to  3  or  even  4  or  5  feet  bigh,  bushy  branched  at  tbe  sumniii 
loaded  with  numerous  flower-spikes,  which  form  tliick  leafy  clantei^ 
The  spikelets  have  the  same  general  structure  as  the  precediuf^.  Th 
fertile  flower  has  a  capillary  awn  three  or  four  times  as  long  as  its  ^lumi 
and  the  sterile  tlower,  which  is  usually  present  in  the  genus,  is  redncoj 
to  a  mere  point  at  the  apex  of  tb  e  slender  plumose  pedicel.     (Plate  2fl 

4.  Andropogon  furcatus.    (Finger-spiked  Broom  grass,  Blue  Stei 

This  is  the  tallest  of  our  species.     It  grows  erect  to  tbe  height 
or  6  feet,  in  rockj^  or  hilly  ground,  or  at  the  West  it  is  abundant  on 
native  prairies,  where  it  is  frequently  called  blue  stem.    The  leaves 
long  and  frequently  somewhat  hairy  on  the  sheaths  and  margins, 
spikes  are  in  small  clusters  of  three  to  six,  terminating  the  stalk, 
also  several  clusters  from  the  side  branches.    The  spikes  are  usual! 
to  3  inches  long,  rather  rigid,  and   contain  ten  to  twenty  points  ei 
At  each  joint  there  is  one  sessile,  perfect  flower,  and  one  stalked  oi 
which  is  male  only,  otherwise  it  is  nearly  like  the  fertile  one. 
outer  glumes  are  about  4  lines  long,  the  upper  ones  tipped  with  a  shi 
stiff  awn.    Tbe  flowering  glume  of  the  perfect  flower  is  twists 
about  one-half  inch  long. 

This  species,  as  above  stated,  is  abundant  on  the])rairie8of  tbe  Wi 
where  it  is  one  of  the  principal  hay  grasses  of  the  country,  aud  is  exi 
sively  cut  and  cured  for  winter  use.     (Plate  27.) 

Chrysopogon  NUTANS.    (Indian  grass,  Wood  grass.) 

This  is  a  near  relative  of  the  Anflropogons ;  is  also  related  t4>  id 
genus  Sorghum,  and  is  known  in  tbe  botanical  works  as  8orgk^ 
nutans.  It  is  a  tall,  perennial  grass,  having  a  wide  range  over  all 
country  east  of  the  Rocky  Mountains.  It  grows  rather  sparsely 
forms  a  thin  bed  of  grass.  The  stalks  are  3  to  4  feet  high,  smooth, 
low,  straight,  and  having  at  the  top  a  narrow  panicle  of  handsome  st 
colored  or  brownish  flowers,  6  to  12  inches  long,  which  is  gracefi 
drooping  at  the  top.  The  spikelets  are  at  the  ends  of  the  sleu 
branches  of  the  loose  panicle,  generally  of  a  yellowish  color.  At 
base  of  each  spikelet  are  two  (one  on  each  side)  short,  feathery  pedi 
the  flowers  which  they  are  supposed  to  have  been  made  to  support  h 
entirely  disappeared.  The  outer  glumes  are  about  three  lines  I 
both  alike  lanceolate,  obtusish,  coriaceous  five  to  seven  nerved, 
lower  one  sparsely  hairy,  and  with  hairs  at  the  base  and  on  the 
below. 
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Within  tbe  outer  glumes  are  two  thin  hyaline  glumes,  one  nearly  as 
long  as  the  outer  glumes,  and  a  shorter  one  with  a  twisted  and  bent  awn 
half  au  inch  or  more  in  length.  The  true  palet  is  ver^'  minute  or 
wauting. 

This  grass  when  it  occurs  in  quantity  is  frequently  utilized  for  hay 
making,  for  which  j)urpose  it  should  be  cut  early.  There  are  tbree 
other  i^ecies  occurring  in  the  Southern  and  Southwestern  States  not 
of  much  value  in  au  economic  view.    (Plate  28.) 

SoRGHUH   HALAPENSE.    ((  uba  grass,  Johnson  grass.  Means  grass, 
False  Guinea  grass.  Evergreen  millet,  Arabian  millet.) 

A  tall  perennial  grass,  with  strong,  thick,  undergrowing  root-stocks, 
and  an  abundance  of  long  and  wide  leaves.  Its  stems  attain  a  height 
of  5  or  6  feet,  with  a  large  and  spreading  panicle.  In  botanical  charac- 
ters it  does  not  differ  much  from  the  preceding  genus,  except  in  habit 
and  in  the  flower  glumes  becoming  more  hardened  after  flowering.  The 
panicle  when  well  developed  is  a  foot  or  more  in  length,  with  the  lower 
branches  5  or  6  inches  long,  and  whorled,  the  upper  ones,  fewer  and  grad- 
ually shorter,  becoming  widely  spreading,  subdivided  and  flower-bear- 
ing to  below  the  middle.  The  spikelets  on  the  short  branchlets  are  in 
pairs  at  each  joint  and  in  threes  at  the  extremity'.  Of  the  pairs,  one 
is  sessile  and  perfect,  the  other  is  stalked  and  male  only.  Of  those  at 
the  extremity,  one  is  sessile  and  perfect,  and  two  stalked  and  male  only. 
The  spikelets  are  about  two  lines  long,  ovate-lanceolate.  The  outer 
glumes  of  the  fertile  spikelets  are  acute,  coriaceous,  smooth,  and  shining, 
or  with  a  few  sparse  hairs;  the  veins,  (5  to  9)  are  obscure  externally, 
but  internally  are  plain  and  sometimes  beautifully  cross-veined.  Within 
these  thick  outer  glumes  are  two  thin  delicate  leaflets,  by  some  called 
palets,  by  others  considered  to  be  inner  glumes,  the  shorter  of  which 
occasionally  bears  a  twisted  awn  or  beard  half  an  inch  long.  The  male 
spikelets  are  on  stems  or  pedicels  one  line  long.  They  are  as  long  as 
the  perfect  flowers,  but  the  outer  glumes  are  much  thinner,  and  they 
contain  only  three  stamens.  The  flowers  and  seeds  are  similai*  to 
those  of  broom-corn,  which  belongs  to  the  same  genus. 

This  grass  has  been  often  called  Guinea  grass,  but  that  name  x^rop- 
erly  belongs  to  a  quite  different  plant,  Panicum  jumentorum^  of  which 
see  an  account  elsewhere.  The  underground  root  stocks  are  sometimes 
half  an  inch  thick,  very  succulent,  and  are  eagerly  sought  for  and  eaten 
by  hogs.  The  grass  spreads  and  is  readily  propagated  from  these  root- 
stocks,  every  joint  being  capable  of  developing  a  new  shoot.  Mr.  N.  B. 
Moore,  of  Augusta,  Ga.,  has  cultivated  this  grass  for  over  forty  years, 
and  prefers  it  to  all  others.  He  says  it  is  perennial,  as  nutritious  as 
any  other,  when  once  set  is  difficult  to  eradicate,  will  grow  on  ordinary 
land,  and  yields  abundantly. 

My  meadow  consists  of  100  acres  of  aHuvial  land;  the  grass  should  l>e  cat  when 
from  2  to  4  feet  high ;  on  such  land  as  mine  it  will  afford  three  or  four  cuttings  if  the 
season  is  propitious. 
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Many  fanners  and  planters  especially'  object  to  this  grass  because 
the  difficnlty  of  eradicating  it.  But  Mr.  Hubert  Post  says  it  is  not 
hard  to  get  rid  of  as  many  suppose.  He  says  that  one  of  hisnei^hbd 
in  1878,  broke  up  some  15  acres,  which  he  has  since  successfully'  plani 
in  cotton  with  no  trouble  from  the  grass.  He  also  says  tliat  In  U 
Johnson  grass  a  kind  Providence  has  given  the  South  a  mine  of  weal 
which  could  easily  be  made  a  foundation  for  wealth  and  pro8perit3'  8ii 
as  the  South  has  never  seen.  The  histor3'  of  the  grass  in  this  coiini 
is  said  to  be  as  follows: 

Governor  Means,  of  South  Carolina,  obtained  some  of  the  seed  frj 
Turkey  as  early  as  1835.  He  planted  it  on  his  plantation,  where  it 
stilled  called  Meansgrass.  In  1840or  1845  William  Johnson, of  Alabai 
obtained  some  of  the  seed  and  sowed  it  upon  his  farm,  whetice  it  derit 
the  name  of  Johnson  grass.  It  is  said  to  have  been  introduced  i| 
California  from  Australia,  and  has  there  been  cultivated  under  the  ii^ 
of  evergreen  millet.  It  has  been  -tried  in  Kansas  with  very  promisli 
results.  A  fnrmer  there  obtained  some  seed  from  his  brother  in  C^ 
fornia,  who  had  cultivated  it  successfully  on  a  verj^  dry  soil  on  an  upl^ 
farm.  This  farmer  finds  it  to  be  in  Kansas  perfectly  hanly,  rapid^ 
growth,  affording  three  cuttings  in  one  season,  and  producing  a  heai 
{i»rowth  of  after-math  for  fall  grazing.  Horses  and  cattle  are  foud  ol 
both  in  its  dry  and  green  condition.  Probably  no  grass  gives  heU 
promise  for  the  dry  arid  lands  of  the  West.  In  Utah  it  has  been  cii| 
vated  under  the  name  of  Arabian  millet  grass.     (Plate  29.)  i 

SoBGHUM  VULGARE.  (Sorghum  sugar  cane,  Broom  corn,  Chini 
sugar  cane,  Guinea  corn,  Doura  corn,  Indian  millet,  Ghocoll 
corn,  Pampas  rice,  African  millet,  &c.) 

The  above-named  grasses  are  generally  believed  to  be  all  varieties 
Sorghum  vulgare.  Most  of  them  are  well  known  and  cultiv^ated  for  vt 
ious  purposes  other  than  for  hay  or  forage.  The  Doura  com  has  be 
extensively  cultivated  in  some  of  the  arid  western  counties  of  Kana^ 
where  the  grain  is  used  for  feed  for  hogs  and  cattle  and  also  as  husd 
food.  The  seeds  of  the  other  varieties  are  probably  also  valuable  ^ 
feed  for  stock. 

The  sugar  corn  has  been  extensively  cultivated  at  the  North  and  W< 
and  has  lately  received  an  extraordinary  impulse  from  the  developi 
of  successful  methods  of  manufacturing  sugar  from  its  juice.     It  is 
frequently  sown  thickly  for  a  forage  crop,  and  in  good  seasons  and 
proper  cultivation  furnishes  a  very  heavy  yield. 

The  botanical  character  may  be  briefly  given  as  follows :  Flowers] 
an  ample  terminal  panicle,  loose  and  spreading,  or  close  and  compa] 
erect  or  nodding.  The  flowers  are  on  the  small  branches  near  tlieird 
tremities.  If  examined  while  young  it  will  be  observed  that  there  ^ 
two  kinds  of  flowers,  one  perfect  and  Anally  producing  seeds,  the  otNi 
containing  only  stamens  or  empty.    The  male  or  sterile  flowers  are  I 
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>rt  Htalks,  oiie  or  two  at  the  base  of  each  perfect  flower,  which  is  ses- 
•  or  without  a  stalk.  At  or  uear  maturity'  the  steriht  flowers  drop 
f  leaviug  still  remaining^  the  short  stem  or  stems  on  which  they  were 
riu*.  The  perfect  spikelethas  two  outer  glumes,  which  are  tough  and 
^thery,  and  two  thin  transparent  inner  ones,  one  of  which  is  two- 
hhI  at  the  apex,  and  between  the  lobes  extended  into  a  short,  rigid, 
Dt  and  twisted  awn  or  beard.  Stamens,  three ;  stigmas,  plumose.  The 
irile  8pikelets  are  narrower,  the  outer  glumes  without  the  leathery  text- 
?,  i?erved  longitudinally^  the  two  inner  ones  thin  and  delicate,  desti- 
te  of  the  awn  and  containing  three  stamens  or  empty. 

lALARIS. 

this  genus  is  defined  as  Itavingspikelets  with  one  perfect  flower  and 
e  or  two  rudimentary  flowers,  or  mere  sterile  pedicels,  within  the 
ter  glumes  and  below  the  proper  flower. 

The  outer  glumes  are  compressed  and  boat-shaped,  acute,  strongly 
ifelecl,  becoming  coriaceous  or  cartilaginous.  The  inner  or  true  flower 
b^ists  of  two  thin  glumes,  sometimes  called  palets,  inclosing  the'sta- 
^ns  and  pistils.     No  proper  ])alet  present. 

lALARis  ARUNDiNACEA.     (Reed  Canary  grass.) 

\A.  perennial,  grass  with  strong  creeping  rhizomas,  growing  from  2  to 
feet  high,  usually  in  low  or  wet  ground.  It  ranges  from  New  England 
td  New  York  westward  to  Oregon,  and  northward  to  Canada,  also  in 
B  mountainous  parts  of  Pennsylvania  and  Virginia.  It  is  common, 
lo,  in  the  north  of  Europe.  The  culm  is  stout,  smooth,  and  leafy;  the 
ives  are  mostly  from  6  to  10  inches  long,  and  about  half  an  inch  wide, 
e  «p]>er  ones  shorter.  The  ligule  is  about  two  lines  long,  rounded  or 
^tnse.  The  panicle  is  from  2  to  4  inches  long,  narrow  and  spike-like ; 
e  branches  short  and  crowded  above,  rather  distant  below,  slightly 
residing  when  in  flower.  The  spikelets  are  three  lines  long^  the  outer 
tunes  nearly  equal,  nearly  sriiooth,  boat-shaped,  oblong-lanceolate, 
kite,  three  to  five  nerve<l,  the  keel  scabrous  and  slightly  thickened 
«ir  the  apex.  The  flowering  glumes  are  one-third  shorter,  ovate, 
ick,  somewhat  hiury  externally.  The  two  sterile  pedicels  are  about 
je-third  as  long  as  the  flowering  glumes  and  feathered. 
The  stout  stems  bear  five  or  six  leaves,  which  are  6  to  8  inches  long. 
Id  a  quarter  to  a  half  inch  wide,  smoothish  except  on  the  edge,  striate 
td  pointed.  The  ligule  is  conspicuous,  thin,  and  rounded.  This  grass 
;  said  to  be  extensively  used  for  fodder  in  Sweden,  and  is  liked  by 
tttle.     Mr.  J.  8.  Gould  says  of  it : 

In  the  pruvince  of  Scania  it  is  luowu  twice  a  year.  The  peasantry  there  use  it  as  a 
Mch  for  their  cottages  2Uid  hay  stacks  and  find  it  is  more  durable  than  straw.  It 
Very  ci?rtain  tliat  cattle  in  our  country  do  not  relish  it  either  as  pasture  or  hay,  and 
by  will  Dot  touch  it  as  long  as  they  can  get  anything  better.  When  cut  very  young, 
f  when  about  1  foot  high,  and  nsed  for  soiling,  cattle  eat  it  bett^jr  than  any 
lier  wftv. 
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The  well-known  ribbon  grass  of  the  garden  is  a  variety  of  this 
and  wil],  it  is  said,  easily  revert  to  the  normal  type.    In  monntainoiB 
regions  it  may  be  worth  trial  for  meadows.     (Plate  30.) 

Phalaris  INTERMEDIA.     (Southem  reed  Canary  grass,  Gilbert's  Relief 
grass,  Stewart's  Canary  grass,  California  Timothy  grass.) 

This  species  resembles  the  foreign  Canary  grass  {Phalaris  Canaries- 
sis),  which  produces  the  seed  commonly  sold  as  food  for  Canary  bird^ 
It  is,  however,  a  taller  and  more  robust  species,  growing  2  to  3  feet 
high,  with  a  stout,  erect  culm  and  broad  linear  leaves,  which  are  from 
4  to  10  inches  long.  The  spike  is  oblong  and  compact,  1  or  2  iDches 
long.  There  is  a  variety  called  var.  angustata,  in  which  the  spike  is  3  or 
4  inches  long.  The  spikelets  are  much  like  those  of  the  preceding  spe- 
cies (F.  arundinacea),  having  one  perfect  flower  and  two  abortive  ones. 
The  outer  glumes  in  P.  intermedia  are  lanceolate  and  nearly  alike  and 
have  a  narrow  wing  extending  down  the  keel.  The  glumes  of  the  fer- 
tile flower  are  nearly  like  those. of  P.  arundinacea  already  described. 

This  species  grows  in  South  Carolina  and  the  Gulf  States,  extending 
to  Texas,  then  stretching  across  to  the  Pacificcoast  and  occurring  throagh 
California  and  Oregon.  It  has  frequently  been  sent  to  the  Departinent 
from  the  Southern  States  as  a  valuable  winter  grass. 

Mr.  Thomas  W.  Beaty,  of  Conway,  S.  C,  writes  as  follows : 

The  grass  I  send  you  was  planted  last  September,  and  the  specimens  were  cut  od 
the  9th  of  March  (following).  You  will  notice  that  it  is  heading  out  and  is  just  nov 
in  a  right  conditiou  for  mowiug.  It  is  wholly  a  winter  grass,  dying  down  in  the  lat- 
ter part  of  April  aud  iirst  of  May,  and  it  seems  to  me  should  bo  a  great  thing  for  the 
South  if  properly  introduced  aud  cultivated,  or  rather  the  ground  properly  prepared 
aud  the  seed  sown  at  the  right  time.  It  would  afford  the  best  of  green  pasturage  for 
sheej)  aud  cattle  all  winter.     It  is  what  we  call  Gilbert's  relief  grass. 

Many  years  ago  Dr.  Lincecum,  of  Texas,  experimented  with  this  grass 
and  recommended  it  very  highly.  In  California  it  is  called  California 
timothy,  and  is  said  to  have  little  or  no  agricultural  value.  It  is  an  an- 
nual or  biennial.     Professor  Phares  savs : 

The  variety  angustata  is  much  larger  and  more  valuable.  It  grows  2  to  3  feet 
high,  aud  in  swamps  5  feet«  witli  many  leaves  4  to  10  inches  long,  the  spike  some* 
what  resambling  the  head  of  timothy  ;  stock  like  it  well,  especially  as  hay.  Mr.  D. 
Stewart,  of  Louisiana,  having  tested  other  grasses,  prefei'sthis  for  quantity  and  quality 
for  winter  and  spring  grazing,  and  for  soiling  for  milk  cows.  There  is  much  testimony 
from  many  parts  of  the  South  of  the  same  import,  aud  tbis  grass  is  doubtless  worthy 
of  exteuded,  careful  testing. 

(Plate  31.) 

Anthoxantuum  odoratum.     (Sweet  vernal  grass.) 

A  perennial  grass,  native  of  Europe,  much  employed  ai*  a  partrf 
mixed  lawn  grasses,  and  also  frequently  found  in  meadows.  It  grows 
thinly  on  the  ground,  with  slender  culms,  seldom  more  than  1  foot  to 
18  inches  in  height,  and  scanty  in  foliage.  The  panicle  is  2  to  3  inches 
long,  narrow  and  close,  but  expands  considerably  during  flowering  time. 
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Fhe  spikelets  are  clustered,  three  to  four  lines  long,  and  with  one  per- 
Eidct  flower.  There  are  two  pairs  of  empty  glumes ;  the  outer  pair  is  iiu- 
^qiial ;  the  lower  are  about  half  as  long  as  the  second  ;  both  are  acute 
ftnil  keeled.  Within  these  glumes  is  a  second  pair,  about  half  as  long  as 
the  first,  thin,  twolobed,  hairy,  and  with  an  awii  or  bristle  on  the  back 
loD^er  than  the  longest  outer  glume.  These  may  be  considered  as 
abortive  or  defective  flowers.  Between  these  inuerglumes  is  the  fertile 
iower,  consisting  of  another  pair  of  glumes,  inclosing  the  floral  organs. 
These  glumes  are  commonly  called  palets;  they  are  less  than  a  line  long, 
thin  and  transparent,  the  lower  one  broad  and  three-nerved,  the  upper 
narrow  and  one-nerved.    There  are  two  stamens  and  two  styles. 

This  grass  is  very  fragrant  and  gives  a  pleasant  odor  to  ha^^  which 
coDtains  it.    Mr.  J.  Stanton  Gould  says : 

It  is  no  whore  considered  a  vory  valuable  variety  for  hay,  as  the  culms  are  wide 
apart,  very  tliin,  aud  bear  but  few  leaves;  hence  It  gives  a  light  crop  of  hay. 

(Plate  32.) 

HiEBOCHLOA  BOREALis.     (Vauillaoi'  Seucca  grass.  Holy  •rrass.) 

This  is  a  perennial  grass  of  northern  latitudes,  growing  in  moist 
meadows  near  the  coast,  also  in  low  marshy  ground  in  some  parts 
of  Illinois  and  other  States  bordering  the  Great  Lakes,  and  in  the 
mountains  of  Colorado  and  northward.  The  name  Hierochloa  means 
sacred  grass,  so  called  because  it,  with  other  sweet-scented  grasses, 
was  strewed  before  the  church  doors  in  the  north  of  Europe.  The  culms 
grow  from  I  to  2  feet  high,  with  short  lanceolate  leaves,  and  an  open 
pyramidal  panicle  from  2  to  5  inches  long.  The  spikelets  arethree- 
Iflowered,  the  third  or  terminal  one  perfect,  but  with  only  two  stamens; 
the  two  lower  flowers  of  the  spikelet  are  in.ile  only,  each  with  three 
: Stamens.  The  two  outer  glumes  are  thin  and  scarious,  acutely  keeled; 
[the  glumes  of  the  male  flowers  are  thicker,  slightlj'  pubescent,  and 
I  fringed  on  the  margins  with  soft  brownish  hairs,  sometimes  with  av^ery 
short  awii  from  the  apex,  and  inclosing  a  narrow,  bifid,  two-keeled  palet; 
the  upper  or  perfect  flower  has  a  one  nerved  glume  in  place  of  the  usual 
;  palet.  This  grass  is  very  sweet-scented  and  is  often  used  to  perfume 
drawers,  &c.  It  grows  commonly  in  the  northern  parts  of  Europe,  as 
I  Korway,  Sweden,  and  Russia.  In  our  country  it  does  not  appear  to  be 
L  adapted  to  general  cultivation.  There  are  two  other  species  native  to 
'  this  country.    (Plate  33.) 

(1.)  Hierochloa  alpina  growing  on  mountains  at  high  altitudes,  and 
(2)  Hierochloa  mcwrophylla^  a  largeleaved,  robust  species,  growing  in 
California,  whose  value  for  agricultural  purposes  is  undetermined. 

Alopecubits  pratensis.    (Meadow  Fox  tail.) 

,  This  is  a  perennial  grass,  native  of  Europe,  but  has  been  introduced 
^and  is  frequently  found  in  meadows  in  the  Eastern  iStates.  It  has  con. 
\  Biderable  resemblance  to  timothy,  but  will  be  readily  distinguished  by 
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an  exaunnation.  It  ordinarily  grows  about  2  feet  high  but  frequently  in 
good  soil  reaches  3  feet  or  more.  The  culms  are  erect,  with  four  or  five 
leaves  at  pretty  uniform  distances.  The  sheaths  are  long  and  ratber 
loose,  particularly-  on  the  upper  one.  The  blade  of  the  leaf  is  3  or  4  in- 
ches long,  about  one-qua  rter  inch  wide,  at  the  base  and  tapering  grradn- 
ally  to  a  point.  The  panicle  terminates  the  stalk  and  is  a  cyhndrit'al 
spike  2  or  3  inches  long,  dense,  soft,  and  with  the  awns  of  the  flowers  con- 
spicuously projecting.  The  spikelets  are  single -flowered,  between  two 
and  three  lines  long.  The  outer  glumes  are  strongly  compressed,  boat- 
shaped,  keeled,  nearly  equal,  sometimes  slightly  united  together  at  the  j 
base,  and  have  a  line  of  soft,  short  hairs  on  the  keels.  These  glnmes 
closely  inclose  the  flower,  which  is  of  nearly  the  same  length,  and  consists 
of  a  flowering  glume  (formerly  called  the  lower  palet)  and  the  floral  or- 
gans, but  without  any  true  pjilet.  This  flowering  glume  is  folded  ui>ou 
itself  and  incloses  the  stamens  and  styles.  It  gives  rise  on  its  back  near 
the  base  to  a  fine  awn,  which  extends  two  or  three  lines  beyond  the 
glumes. 
Mr.  J.  S.  Gould  says : 

It  flourishes  in  May,  nearly  four  weeks  iu  advance  of  timothy,  and  is  one  of  the 
earliest  grasses  to  start  iu  the  spring.  Pastures  well  covered  with  this  grass  will  af- 
ford a  fuH  bite  at  least  one  week  earlier  than  those  which  do  not  have  it.  It  does  uoi 
flourish  in  dry  soils,  but  loves  moist  lands;  no  grass  bears  a  hot  sun  better,  and  it  i$ 
uotinjui-ed  by  frequent  mowings,  on  which  account,  as  well  as  for  its  early  verdure, 
it  is  valuable  for  lawns. 

There  is  a  variety  of  this  grass  called  A.  alpestris^  growing  in  tlie 
Rocky  Mountains,  which  may  possibly  be  utilized  there. 

Mr.  Charles  L.  Flint  says : 

It  is  a  valuable  pasture  grass  on  account  of  its  early  and  rapid  growth,  aud  of  its 
being  greatly  relished  by  stock  of  all  kinds.  The  stems  and  leaver*  are  too  few 
and  light  to  make  it  so  desirable  as  a  Held  crop.  It  thrives  best  on  a  rich,  moist« 
strong  soil,  and  shoots  up  its  flowering  stalks  so  much  earlier  than  timothy,  that  it 
need  not  be  mistaken  for  that  grass,  though  at  first  sight  it  considerably  resembles  it. 
It  is  superior  to  timothy  as  a  permanent  pasture  grass,  enduring  the  cropping  of  sheep 
and  cattle  better,  and  sending  up  a  far  uioie  luxuriant  aftermath.  It  is  j iistly  re- 
garded, therefore,  as  one  of  the  most  valuable  of  the  native  pasture  graj*sesof  Englsod 
forming  there  a  very  considerable  portion  of  the  sward  and  enduring  a  great  amoiinl 
of  forcing  and  irrigation.  Though  forming  a  clost*  aud  permanent  sod  when  fully  set^ 
it  does  not  acquire  \t%  full  perfection  and  hold  of  the  soil  until  three  or  four  years 
after  being  sown. 

(Plate  34.) 

Alopkourus  geniculatits.    (Water  Fox  tail.) 

This  species,  especially  the  variety  ariHtuIatm,  is  native  to  this  coun- 
try. It  is  commonly  found  on  the  muddy  banks  of  streams  and  lakes, 
and  sometimes  is  found  in  wet  meadows  and  ditches.  It  seldom  grows 
more  than  a  foot  in  height;  the  stem  is  usually  bent  at  the  lower  joints, 
and  the  sheaths  of  the  leaves  are  more  or  less  swollen,  especially  the 
upper  one.  It  is  of  no  value  for  cultivation,  being  only  useful  for  the 
amount  of  grass  it  may  contribute  to  the  wild  forage  where  it  grows. 
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Alopegurus  ALPINUS. 

A  species  resembling  the  Alopecurns  pratensis  grows  in  alpine  mead- 
ows in  the  Rocky  Mountains. 

Aristida. 

Tliis  is  a  genus  of  grasses  of  which  many  si)ecies  are  found  in  tie 
United  States,  Mexico,  and  South  America.  The^'  are  principally  an- 
nual grasses  and  are  of  little  value,  unworthy  of  cultivation,  but  in 
«ome  regions,  particularity  the  arid  Western  i)lains,  they  furnish  a  por- 
tion of  the  wild  forage. 

Aristida  purpurasoens.     (Beard  grass,  Three-awned  grass.) 

This  species  grows  in  many  of  the  States  east  of  the  Mississippi  River, 
usually  in  poor,  sandy,  or  clay  soil,  in  thin  woods  or  barren  fields.  It 
grows  usually  about  2  feet  high,  with  a  slender,  smooth  culm,  narrow 
leaves,  which  are  inclined  to  be  involute  when  dry,  and  with  a  narrow, 
loope,  spike-like  panicle  a  foot  or  more  long,  which  usually  gracefully 
droops  or  beuds.  The  branches  are  short,  appressed,  mostly  single  at 
the  joints  of  the  axis,  and  each  having  seldom  more  than  two  or  three 
Bpikelets.  The  spikelets  are  single-tlowered,  the  outer  glumes  are  nar- 
rowly linear,  four  or  five  lines  long,  the  lower  one  slightly  the  longer, 
both  usually  sharply  pointed.  These  glumes  inclose  the  flower,  which 
consists  of  a  slender,  almost  cylindrical  flowering  glume  about  three  lines 
long,  having  a  short-pointed,  hairy  base,  and  a  long,  three-bearded  apex. 
This  glume  enrolls  the  narrow,  thin  palet  and  the  floral  organs.  The 
awns  or  beanls  are  widely  spreading,  the  middle  one  about  an  inch  long, 
the  two  lateral  ones  somewhat  shorter.     (Plate  .'i5.) 

Aristida  purpurea.     (Western  Beard  grass.    Purple  Tbree-awned 

grass.) 

This  species  prevails  extensively  west  of  the  Mississippi  River,  from 
British  America  to  Mexico,  and  is  abundant  on  the  plains  of  Kansas, 
New  Mexico,  and  Texas.  It  grows  usually  1  to  IJ  feet  high,  with 
slender  culms,  branching  at  the  base,  and  with  short,  involute  leaves. 
It  is  an  exceedingly  variable  species,  or  there  are  several  distinct  va- 
rieties. The  panicle  is '6  to  8  ifiches  long,  rather  narrow,  erect,  or  flex- 
nous.  The  spikelets  are  much  like  those  of  the  i)receding  species^  but 
usually  larger  and  with  longer  awns  or  beanls.  In  some  varieties  these 
awns  are  2  or  .'3  inches  long,  widely  <liverging,  and  purplish  colored,  the 
vliole  panicle  having  a  graceful  and  feathery  appearan<5e. 

Like  the  other  species,  this  is  an  inferior  grass,  but  furnishes  a  con- 
siderable amount  of  wild  forage.     (Plate  36.) 

Aeis'jida  bromoides. 

A  small,  apparently  annual,  grass,  growing  in  New  Mexico,  Arizona, 
and  Southern  California.  It  grows  in  tufts,  the  culms  from  6  to  12 
inclies  high,  slender,  erect,  and  generally  uubranched.  The  spikelets 
are  seven  to  eight  lines  long,  including  the  awn.     (Plate  37.) 
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Stipa.    (Feather  grass,  Beard  grass.) 

A  genus  mostly  of  coarse,  rigid  passes,  chiefly  Western,  in  stnictore 
and  liabit  resembling  the  preceding  genus.  It  differs  in  having  the 
spikeletsnsually  longer  and  the  flowering  glume  having  a  single  nndi* 
vided  awn  or  beard. 

Stipa  viridula.    (Bunch  grass.) 

A  perennial  grass,  culms  2  to  4  feet  high,  leafy ;  the  radical  leaves  12  to 
18  inches  long,  those  of  the  stem  4  to  10  inches  long,  one  to  two  liaes 
wide,  involute,  and  bristle-like  at  the. point;  sheaths loLg,  smooth, the  | 
uppermost  inclosing  the  base  of  the  panicle ;  panicle  very  variable  io  i 
size,  from  6  inches  to  a  foot  or  more,  narrow  and  loose,  variable  in  thicli-  \ 
uess,  the  branches  mostly  in  twos  or  threes,  erect  and  appressed,  much 
subdivided;  spikelets,  one-flowered  on  short  pedicels;  outer  glumes 
four  to  six  lines  long,  bristle-pointed,  nearly  equal,  lanceolat'e,  three  to 
five  nerved,  thin  ;  flowering  glume  three  to  four  lines  long,  cjlindrical,  i 
covered  with  short,  scattered  hairs,  which  are  longer  at  the  minutely 
two-toothed  apex,  which  is  terminated  by  a  slender  awn  1  to  IJ  inches  i 
long,  once  or  twice  bent,  twisted  and  sparsely  pubescent  below,  scabrona 
above.    The  palet  is  narrow  and  shorter  than  its  glume,  by  which  the 
floral  organs  and  it  are  involved.     Widely  diffused  over  the  Kocky  ; 
Mountain  region,  extending  to  California,  Oregon,  and  British  Amer- 
ica,  furnishing  a  considerable  part  of  the  wild  forage  of  the  region.  '■. 
(Plate  38.) 

Stipa  setigera.    (Bear-grass,  Bunch  grass.) 

A  perennial  grass,  growing  in  bunches  on  dry  hills  and  plains  from 
Oregon  to  Southern  California  and  eastward  to  Arizona  and  Texas. 
The  culms  are  2  to  3  feet  high,  erect,  somewhat  pubescent  at  the  joints, 
with  about  three  leaves.  The  sheaths  are  long  and  somewhat  scabrous, 
the  upper  one  loose  and  inclosing  the  base  of  the  panicle;  the  blade  flat, 
two  or  three  lines  wide,  4  to  6  inches  long,  roughish  and  long.poiated; 
the  upper  one  nearly  as  long  as  the  panicle,  which  is  about  6  inches 
Ion;:,  loose,  the  rays  mostly  in  pairs,  rather  distant,  slender,  bearing 
near  the  extremity  the  few  spikelets  on  short  pedicels.  Spikelets  one- 
flowered,  the  outer  glumes  one-half  to  two-thirds  of  an  inch  long,  the 
upper  one  rather  shorter,  narrow,  acute,  purplish  and  three-nerved. 
The  flowering  glume  is  nearly  cylyndrical,  four  to  five  lines  long,  s^Mir- 
ingly  hairy  above,  with  a  short,  stift'  point  at  the  base  called  a  callus, 
and  a  hardened  ring  at  the  apex,  to  which  is  attached  the  slender,  twisted 
awn,  2  to  3  inches  long,  the  lower  x>art  of  which  is  softly  pubescent. 
Professor  Brewer  savs  this  is  the  most  common  and  most  valuable 
*^ bunch  grass"  of  the  hills  of  California.     (Plate  3'J.) 

Stipa  eminens.    (Feather  grass,  Beard  grass.) 

A  very  common  species  in  California  on  dry  hills,  growing  in  rather 
small  tufts  with  numerous  short  and  narrow  root-leaves.    It  is  a  per- 
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ennial,  growiug  usually  2  to  3  feet  high,  with  rather  slender  culms,  and 
slightly  hairy  joints.  The  leaves  are  very  narrow  and  convolute,  rather 
rough  and  rigid,  the  lower  ones  about  half  the  length  of  the  culm.  The 
panicle  is  rather  nairow,  but  open  and  loose,  usually  about  6  inches 
long,  at  tirst  sheathed  by  thft  upper  leaf,  but  becoming  exerted ;  the 
branches  are  slender,  in  pairs,  and  flower-bearing  above  the  middle. 
The  spikelets,  as  in  the  preceding,  are  single-flowered,  the  outer  glumes 
about  half  an  inch  long,  very  narrow,  three-nerved,  and  long,  fine- pointed. 
The  flowering  glume  is  very  similar  to  that  of  the  preceding,  rather 
shorter  and  smaller,  with  a  ring  of  very  short  hairs  at  the  apex,  and 
with  an  awn  about  an  inch  long,  which  readily  separates  from  its  glume. 
(Plate  40.) 

Stipa  ^artea  and  Stipe  comata  are  two  species,  also  called  bunch 
grasses,  which  prevail  from  British  America  southward,  on  the  plains 
and  in  the  mountain  region,  very  similar  in  general  appearance  to  the 
preceding,  but  usually  with  longer  awns,  sometimes  6  inches  long. 

Mr.  Robert  Miller  Christy,  writes  about  these  grasses  in  Manitoba, 
where  they  are  common,  that  there  is  much  complaint  concerning  them 
among  stockmen  on  account  of  the  injury  they  do  to  sheep  by  the  pene- 
tration into  their  wool,  and  even  into  the  flesh,  of  the  sharp-pointed  and 
barbed  awns  of  the  seeds. 

Stipa  avenacea  is  the  only  species  prevailing  in  the  Eastern  and  South- 
ern States.  It  is  more  slender  than  those  previously  mentioned,  and 
grows  sparsely  in  oj^en  woods  or  on  rocky  hills.  It  is  of  no  agricultural 
importance. 

Ebiocoma  CUSPID  ATA.    (Bunch  grass.) 

This  grass  has  a  wide  distribution,  not  only  on  the  Sierras  of  Cali- 
fornia, but  northward  to  British  America,  and  eastward  through  all  the 
interior  region  of  Utah,  !N'evada,  New  Mexico,  Texas,  Colorado,  and 
Nebraska  to  the  Missouri  River.  It  is  a  perennial,  growing  in  dense 
tufts,  whence  its  common  name  of  bunch  grass.  The  culms  are  1  to  2 
feet  high,  with  about  three  narrow,  convolute  leaves,  the  upper  one 
having  a  long,  inflated  sheath  which  incloses  the  base  of  the  panicle. 
The  radical  leaves  are  narrow,  rigid,  and  as  long  as  or  longer  than  the 
culm.  The  panicle  is  about  6  inches  long,  very  loose,  spreading,  and 
flexuous.  The  branches  are  in  pairs,  slender,  rather  distant,  and 
are  subdivided  mostly  in  pairs.  The  spikelets  are  at  the  ends  of  the 
capillary  branches,  ea<jh  one  flowered.  The  outer  glumes  are  three  to 
four  lines  long,  inflated  and  widened  below,  gradually  drawn  to  a  sharp- 
pointed  apex,  thin  and  colorless  except  the  three  or  five  green  nerves, 
and  slightly  hairy.  The  glumes  inclose  an  ovate  flower,  which  is  cov- 
ered externally  with  a  profusion  of  white,  silky  hairs,  and  tipped  with 
a  short  awn,  which  falls  off  at  maturity.  This  apparent  flower  is  the 
flowering  glume  of  a  hard,  coriaceous  texture,  and  incloses  a  similar 
hard,  but  not  hairy,  and  smaller  palet.    (Plate  41.) 
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Milium  effusum.    (Wild  millet.) 

A  pereuuial,  rather  slender,  gra^ss.  4  or  5  feet  liigb,  growing  in  damp 
woods  in  the  northern  i)ortions  of  the  United  States  and  in  Canada.  It 
is  also  found  in  Northern  p]urope  and  in  Russian  Asia.  There  are  four  to 
five  joints  to  the  cUlui.  each  provided  with  a  leaf  which  is  broad  and  flat, 
6  to  12  inches  long,  and  half  an  inch  wide,  smooth  above  and  roughish 
below.  The  sheaths  are  long  and  smooth.  The  panicle  is  loose  aod 
spreading,  6  to  10  inches  long,  the  slender  branches  mostly  in  fives,  of 
unequal  length,  the  longer  ones  2  to  3  inches,  and  flowering  near  the 
extremities.  The  whorls  are  from  1  to  2  inches  apart.  The  spikelets 
are  single-flowered,  consisting  of  a  pair  of  thin,  concave,  smoothish, 
empty  glumes,  one  to  one  and  one-half  lines  long,  rather  exceeding  the 
flowering  glume,  which  is  thick  and  hard,  very  smooth  and  shining,  and 
inclosing  the  palet  which  is  of  similar  texture.  The  flowers  are  in 
structure  similar  to  those  of  Panicum,  to  which  this  grass  is  closely  rcr 
lated. 

Hon.  J.  S.  Gould,  in  the  Report  of  the  New  York  State  Agricultural 
Society,  says  respecting  this  grass : 

Momitaiu  meadows  arid  borders  of  Htreams  and  cold  woods.  It  thrives  when  tnins- 
planted  to  open  aud  exposed  situations.  It  is  one  of  the  most  beantiful  of  the  gnisws: 
the  panicle  is  oftvn  a  foot  long,  and  the  branches  are  so  exceedingly  delicate  that  the 
small  glossy  spikelets  seem  to  be  suspended  in  the  air.  Birds  are  very  fond  of  the 
seed.  Mr.  Colman  says  that  he  has  raised  3  tons  to  the  acre  of  as  good  nutritions 
hay  as  conid  be  grown  from  it,  when  sown  in  Ma3'.  The  plants  multiply  by  tiie  roots 
as  well  as  by  the  seed,  sending  out  horizontal  shoots  of  considerable  length,  which 
roor.  at  the  joint  as  they  extend. 

(Plate  42.), 

MriiLENBERCiiA.     (Drop  seed  grass.) 

There  are  many  si)ecies  of  this  genus,  mostly  perennials.  It  is  char- 
acterized as  having  small,  one-flowered  spikelets,  generally  in  open  pan- 
icles. The  outer  glumes  are  variable  in  size  in  diJQfereut  species,  in 
some  minute,  in  others  nearly  as  large  as  the  flowering  glume,  some- 
times bristle-pointed,  sometimes  very  blunt,  and  sometimes  toothed  at 
the  apex.  The  flowering  glume  is  longer  than  the  outer  glumes,  with 
a  short  more  or  less  hairy  callus  at  the  base,  three  to  live  nerved,  thin- 
nish  or  rigid  mucronate  pointed,  or  commonly  with  a  long  capillary  awn 
from  the  apex;  the  palet  as  long  as  the  flowering  awn  and  of  sim- 
ilar texture. 

MriiLENBERcuA  DIFFUSA.    (Kimble  will,  Drop  seed,  Wire  grass.) 

This  species  is  perennial,  low  with  much-branched,  decumbent  stems 
and  slender  panicles  of  flowers.  The  outer  glumes  are  ver3'  minute,  so 
small  as  to  be  scarcely  visible  to  the  naked  eye,  transparent  and  obtuse; 
the  flowering  glume  little  more  than  a  line  long,  tipped  with  a  tine  awn 
or  beard  once  or  twice  its  own  length. 
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*  • 

Professor  Killebrew,  of  Tennessee,  says: 

It  is  liunlly  more  thau  necessary  to  montiou  this  grass,  which  forms  in  many  sec- 
tions the  balk  of  the  psuituresof  the  woods.  It  xloes  not  grow  in  tiehls,  but  in  woods, 
where,  after  rains  have  set  in,  it  carpets  the  earth  with  living  greon.  Various  opin- 
ions are  entertained  as  to  its  nutritive  qualities.  Some  farmers  assert  that  their  stock 
are  foud  of  it,  and  that  on  sntficieut  range  cattle,  horses,  and  sheep  will  go  into  the 
wint«r  sleek  and  fat  from  this  vigorous  gniss.  Others  regard  it  as  well  nigh  worth- 
less. 

According  to  the  analysis  of  the  chemist  of  this  Department  it  has  a 
very  good  amount  of  nutritive  properties.  It  is  considered  by  some 
that  it  is  a  good  butter-producer  and  gives  a  good  flavor  to  butter.  In 
cultivation,  no  doubt,  its  place  can  be  supplied  with  much  more  pro- 
ductive gra.*ises.    (Plate  43.) 

MiTHLE>'BERaiA  Mexicana.    (Wood  grass.) 

A  perennial  grass  of  decumbent  habit,  2  to  3  feet  high,  very  mucU 
branched,  from  scaly  creeping  root-stocks.  The  culm  has  numerous  short 
joints,  which  frequently'  are  bent  and  rooting  near  the  base,  and  sending 
out  many  long,  slender,  leafy  lateral  branches.  From  these  branches  and 
from  the  apex  of  the  culm  arise  the  flowering  panicles,  which  are  some- 
times partially  included  in  the  leaf  sheaths.  The  leaves  are  3  to  4 
inches  long  and  two  to  three  lines  wide,  gradually  pointed.  The  pani- 
cles are  narrow,  usually  2  to  3  inches  long,  and  composed  of  ^ve  to  ten 
spike  like  branches,  closely  approximated  or  distant  and  interrupted 
below.  The  spikelets  are  single-flowered ;  the  outer  glumes  are  ab- 
ruptly sharp-pointed  and  nearly  as  long  as  the  flowering  glume,  which 
is  narrow,  strongly  three-nerved,  and  acute,  with  usually  a  few  soft 
hairs  at  the  ba^se  and  on  the  nerves.  The  palet  is  of  equal  length  with 
its  glume,  which  is  also  acute,  but  not  bristle  pointed. 

This  grass  is  frequently  found  in  moist  woods  and  low  meadows  or 
in  prairie  bogs.  It  probably  would  not  endure  upland  culture,  but  in 
its  native  situations  it  fills  an  important  part  among  iudigenous  grasses. 
(Plate  44.) 

MUHLENBERGIA  SYLVATIOA.      (Wood  graSS.) 

This  species  in  habit  and  appearance  is  very  much  like  that  of  the 
prece<iing.  The  panicle  is  looser,  the  si)ikelets  not  so  densely  clustered, 
and  the  flowering  glume  bears  an  awii  two  or  three  tinies  as  long  as 
itself.  The  outer  glumes  are  generally  bristle-pofnted,  but  they  vary 
much  in  this  respect,  in  some  forms  being  only  acute.  It  inhabits  drier 
situations  than  the  M.  Mexican  fj  being  found  in  dry,  open,  or  rocky 
woods  and  fence-corners.  In  agricultural  value  it  corresponds  with 
that  species.     (Plate- 45.) 

MuHLENBEBGiA  GLOMEBATA.     (Spiked  Muhlenbergia.) 

This  grass  grows  in  wet,  swampy  grounds,  chiefly  in  the  northern 
and  w^esteru  portions  of  the  United  States.    It  is  found  in  Colorado, 
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Utah,  Nevada,  New  Mexico,  and  Texas.  It  grows  to  the  beigb t  of  2  or3 
feet,  stiffly  erect,  and  generally  uubranched.  The  culm  is  bard,  some- 
what compressed,  and  very  leafy.  The  panicle  is  narrow,  2  to  4  inches^ 
long,  composed  of  numerous  close  clusters  of  flowers,  becominir  loosex 
below,  formiug  an  interrupted  glomerat.e  spike.  The  spikelets  are 
closely  sessile  in  the  clusters.  The  outer  glumes  are  linear-lanceolate, 
gradually  tapering  into  an  awn  or  bristle  of  equal  length.  The  flower- 
ing glume  is  one-third  to  one  half  shorter  than  the  outer  glumes  and 
very  acute.  The  root-stock  is  hard  and  knotty  and  furnished  with  nu- 
merous short,  firnii  shoots  or  stolons.  In  the  Eastern  States  it  is  util- 
ized as  one  of  the  native  products  of  wet  meadows  in  the  making  of 
what  is  called  wild  hay.  Specimens  have  been  sent  from  Colorado  and 
Kansas  and  recommended  as  an  excellent  grass  for  hay.    (Plate  46.) 

MuHLENBERGiA  COMATA.     (Wooly-sceded  Muhlenbergia.) 

This  species  is  closely  related  to  the  preceding.  It  grows  throagboat 
the  Rocky  Mountain  region  in  Colorado,  Utah,  Wyoming,  Idaho,  Ne- 
vada, and  California,  usually  on  the  sandy  or  alluvial  banks  of  streams. 
It  grows  in  tufts  from  firm,  creeping  root-stocks.  There  is  reason  to 
think  it  may  be  a  valuable  grass  for  arid  regions.  The  culms  are  erect, 
simple,  2  to  3  feet  high,  leafy  below,  the  leaves  3  to  6  inches  long  and 
roughish,  the  upper  one  at  first  inclosing  the  base  of  the  panicle,  the  joint 
slightly  pubescent.  The  panicle  is  2  to  4  inches  long,  narrow,  and  close, 
sometimes  interrupted  below,  generally  of  a  purplish  lead  color  and  of 
soft  texture.  The  spikelets  are  nearly  sessile,  the  outer  glumes  very 
narrow,  acute,  nearly  equal,  one-nerved,  one  and  one-half  to  two  Hues 
long.  The  flowering  glume  is  rather  shorter,  and  surrounded  at  the 
base  by  a  copious  tuft  of  long,  silky  hairs.  It  is  also  terminated  by  a 
slender  awn  three  or  four  times  as  long  as  the  flower.  The  palet  is 
slightly  shorter  than  its  glume  and  acute.     (Plate 47.) 

MuHLENBiTBGiA  GRACILIS.     (Graceful  Muhlenbergia.) 

A  perennial  grass  growing  in  tufts  or  loose  patches  from  a  creeping 
root-stock,  much  branched  at  the  base.  The  culms  are  ere<5t,  much 
branched,  slender,  and  wiry,  1  to  1^  feet  high;  the  leaves  mostly  radi- 
cal, involute,  and  bristle-like,  2  to  6  inches  long,  scabrous  on  the  edges. 
The  panicle  is  erect  or  somewhat  nodding,  3  to  6  inches  long,  narrow, 
very  loose,  the  branches  erect,  rather  distant,  and  mostly  single.  The 
spikelets  are  on  short  pedicels ;  the  outer  glumes  unequal,  the  lower 
one  ending  abruptly  in  a  slender  point,  the  upper  one  three-nerved  and 
three-toothed,  the  teeth  usually  prolonged  into  short  awns ;  the  flower- 
ing glume  is  somewhat  cylindrical,  taper-pointed,  and  with  a  straight 
awn  about  half  an  inch  long ;  palet  as  long  as  its  glume  without  the 
awn. 

This  species,  of  which  there  are  several  varieties,  inhabits  the  arid 
regions  of  Colorado,  Kew  Mexico,  and  Arizona.  It  is  too  small  to  be 
of  much  economic  importance.     (Plate  48.) 
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Phelum  pbatense.    (Timothy,  Herd's  grass.)     Vw/T 

This  is  one  of  the  commonest  and  best-known  gi^^e^  For  ajtf>y 
^rop  it  is,  perhaps,  the  most  valuable,  especially  in  the  Northern  States. 
The  heighth  of  the  grass  depends  on  the  soil  and  cultivation.  In  poor 
ground  it  may  be  reduced  to  1  foot,  while  in  good  soil  and  with  good 
culture  it  readil}'  attains  3  feet,  and  occasionally  has  been  found  twice 
that  height.  It  is  a  perennial  grass  with  fibrous  roots.  The  base  of  the 
culm  is  sometimes  thickened  and  inclined  to  be  bulbous.  The  culm  is 
erect  and  firm,  with  four  or  five  leaves,  which  are  erect  and  usually 
from  4  to  6  inches  long.  The  flower  spike  varies  from  2  to  6  inches  in 
length,  is  cylindrical  and  very  densel}'  flowered.  The  spikelets  are 
sessile,  single-flowered,  and  cylindrical  or  oblong  in  outline.  The  outer 
glumes  are  rather  wedge-form,  with  a  mucronate  point  or  short  bristle. 
The  main  nerve  on  the  back  is  fringed  with  a  few  short  hairs.  The 
flowering  glume  is  shorter  than  the  outer  ones  and  thinner,  five-nerved, 
and  toothed  at  the  apex.  The  palet  is  thinner  in  texture  and  much 
narrower. 

This  grass,  as  known  in  cultivation,  is  supposed  to  have  been  intro- 
duced from  Europe,  but  it  is  undoubtedly  indigenous  in  the  mountain 
i-egions  of  New  England,  New  York,  and  the  Rocky  Mountains.  It  is 
6aid  that  about  the  year  1711  a  Mr.  Herd  found  this  grass  in  a  swamp 
iu  New  Hampshire  and  cultivated  it.  From  him  it  took  the  name  of 
Herd's  grass.  About  the  year  1720  it  was  brought  to  Maryland  by 
Timothy  Hanson  and  received  the  name  of  Timothy  grass.  It  is  now 
the  favorite  and  i>revailing  meadow  grass  over  a  large  part  of  the 
country. 

Mr.  Charles  L.  Flint  says : 

As  a  crop  to  cut  for  hay  it  is  probably  uiiiurpassed  by  auy  other  grass  now  culti- 
vated. Though  somewhat  coarse  aud  hard,  espcciany  if  aUuwed  to  ripen  its  seed, 
yet  if  cut  in  the  blossom  or  directly  after,  it  is  greatly  relished  by  all  kiuds  of  stock 
and  especially  so  by  horses,  while  it  jtossesses  a  large  percentage  of  nntritivc  matter 
in  comparison  with  other  agricultural  grasses.  It  is  olten  sown  with  clover,  but  the 
best  practical  farmers  are  beginning  to  discontinue  this  custom  on  account  of  the  dif- 
ferent time^  of  blossoming  of  the  two  crops.  It  grows  very  readily  and  yields  very 
large  crops  on  favorable  soils.  It  yields  a  large  quantity  of  seed  to  the  acre,  vary- 
ing from  10  to  30  bushels  on  rich  soils. 

(Plate  49.) 

Sporobolus  Indicus.    (Smut  grass.) 

This  grass  is  a  native  of  India,  but  has  spread  over  most  tropical  and 
warm  climates.  It  occurs  more  or  less  abundantly  in  all  the  Southern 
States,  and  is  called  smut  grass,  from  the  fact  that  after  flowering  the 
heads  become  affected  with  a  black  smut.  It  grows  in  tufts  or  loose 
patches,  is  erect,  from  1^  to  3  feet  high,  with  an  abundance  of  long, 
flat,  fine  points  leaves  near  the  base,  and  a  narrow,  terminal  panicle 
frequently  a  foot  in  length,  composed  of  short,  erect,  sessile  branches, 
which  are  very  closely  flowered.    The  spikelets  are  narrow,  less  than  a 
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line  long ;  the  outer  glumes  unequal,  thin,  and  nerveless,  the  upi)er  one 
about  half  as  long  as  the  flower,  the  lower  one,  still  shorter,  obtase  or 
truncate ;  the  flowering  glume  and  palet  are  of  nearly  equal  lengthy 
membranaceous,  leadcoloied,   smooth;  the    glume   acute;   the  palt^t 

obtus.e. 

Professor  Phares  says : 

It  grows  abuDclantly  and  luxnriously  on  many  nncultivated  fields  and  eommong, 
and  furnishes  grazing  from  April  tiU  frost.  It  thrives  under  much  grazing  and  manj 
mowings,  and  grows  promptly  after  each  if  the  soil  be  moist  enough.  Cattle  mm! 
horses  are  foud  of  it  if  frequently  cut  or  grazed  down,  but  if  allowed  to  remain  oo- 
touched  long  they  will  not  eat  it  unless  very  hungry,  as  it  becomes  tough  and  unpal- 
atable and  probably  difficult  to  digest. 

Professor  Killebrew  also  si)eaks  favorablj'  of  it  and  recommends  it 
for  trial  under  cultivation.     (Plate  50.) 

Sporobolus  cryptandrxts. 

This  species  grows  chiefly  in  sandy  soil.  It  is  stouter  than  the  pre- 
ceding, growing  in  loose  tufts;  the  culms  frequently  bent  at  the  lower 
joints,  then  rising  erect  to  the  height  of  2  or  3  feet.  The  leaves  are  mostly 
near  the  base,  where  thejointsofthecnlmsareshort;  here  the  sheaths  are 
short  and  the  blades  of  the  leaves  5  to  6  inches  long ;  the  upper  sheaths 
become  longer  and  the  blades  shorter ;  the  leaves  are  flat,  but  become 
involute  in  dry  weather.  The  top  of  the  sheath  is  fringed  with  fine 
soft  hairs.  The  long  and  narrow  panicle  is  for  a  long  time  completely 
inclosed  in  the  very  long  sheath  of  the  upper  leaf,  but  finally  emerges 
except  the  base  and  becomes  more  or  less  spreading.  The  full  panicle 
is  from  6  to  12  inches  long,  the  branches  mostly  alternate  or  scattered, 
the  lower  ones  about  1  inch  apart  and  2  inches  long,  the  upper  ones 
much  closer  and  shorter,  all  flowering  nearly  to  their  bases  with  the 
spikelets  short  stalked  and  appressed. 

This  species  is  very  common  in  sandy  fields  in  the  Northern  and 
Southern  States,  as  well  as  over  all  the  dry  plains  west  of  the  Missis- 
sippi River,  ext^iuding  from  British  America  to  Mexico,  where  it  fur- 
nishes a  portion  of  the  wild  pasturage.  It  deserves  observation  and 
experiment  as  to  its  value.     (Plate  51.) 

Sporobolus  heterolepis. 

This  species  grows  in  dense,  firmly-rooted  tufts,  principally  west  of  the 
Mississippi  Riv^er,  from  British  America  to  Texas.  The  culmsare  IJ  to 
3  feet  high,  erect,  smooth.  The  radical  leaves  are  very  long  and  nar- 
row ;  those  of  the  culm,  3  or  4,  with  long  sheaths  and  blades,  becoming 
involute  when  dry.  The  panicle  is  from  3  to  8  inches  long,  rather  nar- 
row and  loose;  the  branches,  two  to  three  together,  slender,  and  with 
few  rather  distant  flowers.  The  spikelets  are  one-flowered,  sessile  or 
nearly  sessile,  on  the  slender  branches;  they  are  about  two  lines  long, 
unequal,  acutely  long-pointed,  the  lower  one  a  little  shorter  and  the 
upper  a  little  longer  than  the  flower.     The  flowering  glumes  and  palet 
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are  of  aboat  equal  length  and  texture ;  the  seed  is  perfectly  round, 
fimooth  and  shining,  thick  and  coriaceous. 
'  JL  writer  on  the  grasses  of  the  Bocky  Mountains  and  plains  in  the 
A.^ricultttral  Beport  for  1870  says : 

Xhis  species  may  be  identified  from  its  long,  slender  leaves;  growing  abundantly 
from  the  base  of  the  plant,  gracefully  cnrving  and  frequently  resting  their  tips  on  the 
ipx>und ;  from  its  tendency  to  grow  branches  or  stools,  and  when  in  fruit,  from  its 
amaU  panicle  of  sharp-pointed  spikelets  and  its  round  seeds.  These  when  bruised  emit 
a  strong,  heavy  oder,  which  has  been  compared  to  that  of  J?ra^roa^i«m0^a«(acAjf a  when 
crashed  in  the  hands;  but  to  most  olfactories  it  is  much  less  offensive,  and  to  some  not 
At  all  disagreeable.  It  attains  to  the  average  height  of  about  2^  feet  in  fruit,  but  in 
dry  seasons  large  tracts  almost  exclusively  composed  of  this  species  are  without  a 
aingle  fruiting  plant.  It  is  sometimes  cultivated  for  hay,  in  the  absence  of  the  more 
prodactive  species,  and  makes  an  article  of  fine  quality. 

I^POBOBOLUB  AiBOiDES.    (Salt  grass.) 

Culms  arising  from  strong  perennial  creeping  root-stalks,  2  to  3  feet 
liigh,  thickened  at  the  base  and  clothed  with  numerous  long,  rigid,  gen* 
erally  involute,  long-pointed  leaves,  which  are  smooth  and  bearded  in 
the  throat  of  the  sheath,  panicle  becoming  exerted  and  diffuse,  6  to  12 
inches  long,  3  to  4  inches  wide ;  the  branches  capillary,  scattered,  mostly 
single,  or  in  whorls  below,  the  branches  subdivided  above  the  middle 
and  rather  sparsely  flowered. 

The  spikelets  are  one-flowered,  purplish,  on  short  slender  pedicels. 
The  onter  glumes  are  unequal,  thin,  nerveless,  or  obscurely  nerved,  ob- 
long, the  lower  half  as  long  as  the  upper,  the  upper  one  rather  shorter 
than  the  flowering  glume,  which  is  about  one  line  long,  oblong,  obtus- 
ifih  or  minutely  dentate  at  the  apex ;  palet  about  equal  to  its  glume ; 
bidentate. 

A  common  grass  throughout  the  arid  regions  of  the  West,  sometimes 
called  salt  grass,  and  affording  considerable  pasturage  in  some  places. 
(Plate  52.) 

Agbostis.    (Bent  grass.) 

This  genus  has  many  species  all  characterized  by  having  one-flowered 
spikelets;  the  outer  glumes  acute,  one-nerved,  and  awnless,  nearly  equal, 
or  the  lower  rather  longer,  and  longer  than  the  flowering  glume,  which 
is  very  thin,  three  to  five  nerved,  awnless  or  awned  on  the  back ;  palet 
shorter  than  the  flowering  glume,  frequently  reduced  to  a  small  scale  or 
absent. 

Agrostis  vulgaris.    (Bed  top,  Fine  top,  Herd's  grass  of  Pennsyl- 
vania Borden's  grass,  Bent  grass.) 

A  perennial  grass,  growing  2  or  3  feet  high  from  creeping  root-stocks, 
which  interlace  so  as  to  make  a  very  firm  sod ;  the  culms  are  upright,  or 
sometimes  decumbent  at  the  base,  smooth,  round,  rather  slender,  and 
clothed  with  four  or  five  leaves,  which  are  flat,  narrow,  and  roughisb, 
from  3  to  6  inches  long,  with  smooth  sheaths,  and  generally  truncate 
2218  OR 6 
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lignlen.  The  paoicle  is  oblong  in  oatline,  4  to  6  inches  long,  open,  com- 
posed of  eight  or  ten  joints  or  whorls,  the  lower  branches  mostly  in 
fives,  slender,  unequal,  the  longer  ones  mnch  subdivided.  The  spike- 
lets  are  about  a  line  long,  varying  from  greenish  to  purple.  The  cater 
glumes  are  lanceolate  and  pointed,  nearly  alike  in  size,  smooth,  except 
the  more  or  less  roughened  keel.  The  flowering  glume  is  but  little 
shorter  than  the  outer  ones,  thin  and  delicate,  and  occasionally  with  i 
minute  awn  on  the  keol.  The  palet  is  narrow,  and  from  half  to  three 
fourths  as  long  as  its  glume,  and  inclosing  the  floral  organs.  There  are 
several  varieties  of  this  grass,  which  are  by  some  botanists  considered  | 
a  distinct  species. 

Agrostis  alba^  the  Fiorin  grass  of  Ireland,  and  Agrostis  stotoni/era  aie ; 
usually  considered  synonymous,  and  are  distinguished  from  A.  vulgarii 
by  having  a  closer,  more  verticillated  panicle,  and  with  longer  and  more 
acute  ligules. 

Mr.  J.  G.  Gould  says  of  Agrostis  vulgaris : 

This  18  a  favorite  graas  in  wet,  swampy  meadows,  where  its  interlacing,  thick  rooli 
consolidate  the  sward,  making  a  firm  matting  which  prevents  the  feet  of  cattle  iioii 
poaching.  It  is  generally  considered  a  valuable  grass  in  this  country,  thougU  by  do 
means  the  best  one.  Cattle  eat  hay  made  from  it  with  a  relish,  especially  whea 
mixed  with  other  grasses.  As  a  pasture  gi*ass  it  is  much  valued  by  dairymen,  and  it 
their  opinion  the  butter  would  suffer  much  by  its  removal. 

Professor  Phares,  of  Louisiana,  says  respecting  this  grass : 

It  grows  well  on  hill  tops  and  sides,  in  ditches,  gullies,  and  marshes,  but  delights  i 
in  moist  bottom  land.  It  is  not  injured  by  overflows,  though  somewhat  prolonged.  | 
It  furnishes  considerable  grazing  during  warm  spells  in  winter,  and  in  spring  and  | 
summer  an  abundant  supply  of  nutrition.  Cut  before  maturing  seed,  it  makes  gooli 
hay  and  a  large  quantity.  It  seems  to  grow  taller  in  the  Southern  States  than  it  dovi 
farther  north,  and  to  make  more  and  better  hay  and  grazing. 

Mr.  Flint  says: 

It  is  a  good  permanent  grass,  standing  our  climate  as  well  as  any  other,  and  eon* 
sequently  well  suited  to  our  pastures,  in  which  it  should  be  fed  close ;  for  if  aUowei; 
to  grow  up  to  seed  the  cattle  refuse  it ;  and  this  seems  to  show  that  it  is  not  so  mnoi 
relished  by  stock  as  some  of  the  other  pasture  grasses. 

(Plate  63.) 

Agbostis  exasata.    (Northern  Bed  top.  Mountain  Bed  top.) 

This  is  chiefly  a  northern  species,  being  found  in  Wisconsin  and  weslp 
ward  to  the  Bocky  Mountains,  also  in  British  America,  and  California 
to  Alaska.  It  is  very  variable  in  appearance,  and  presents  severs^ 
varieties.  It  is  generally  more  slender  in  growth  than  the  common  rei 
top.  The  panicle  is  usually  longer,  narrower,  and  looser.  In  all  tha 
forms  the  palet  is  wanting  or  is  very  minute.  The  form  chiefly  growing 
on  the  Pacific  slope  from  California  to  Alaska  is  often  more  robust  thas 
the  A.  vulgaris,  growing  2  to  3  feet  high,  with  a  stout,  firm  culm,  clothed 
with  three  or  four  broadish  leaves,  4  to  6  inches  long.  The  pamide  il 
4  to  6  inches  long,  pale  green,  rather  loose,  but  with  erect  brancbesi 
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The  outer  glames  are  of  about  equal  length,  accnminate,  rough  ou  the 
keel.  The  'flowering  glume  is  one-third  shorter  than  the  outer  ones. 
rather  acute,  four-nerved,  the  nerves  extended  into  short  points  or  teeth, 
and  rarely  with  a  very  short  awn  on  the  back.  The  palet  if  present  is 
very  minute,  scarcely  as  long  as  the  ovary. 

There  is  reason  to  believe  that  this  grass  can  be  made  to  supply  the 
same  valuable  place  on  the  Pacific  coast  that  the  A.  vulgaris  does  at 
the  East,  but  it  requires  investigation  and  experiment.  (Plate«  54 
and  54a.) 

AaROSTIS  HIGBOPHTLLA. 

This  is  a  species  belonging  to  the  western  coast  and  the  adjacent 
mountains.  It  is  apparently  an  annual  or  biennial,  frequently  with 
several  culms  springing  from  one  root.  The  radical  leaves  are  few  and 
short.  The  culms  are  erect,  stiff,  1^  to  3  feet  high,  with  four  or  five  rough 
and  rather  rigid  leaves  3  to  6  inches  long,  two  or  three  lines  wide,  and 
gradually  pointed.  The  sheaths  are  long  and  roughish.  The  pan- 
icle is  3  to  5  inches  long,  erect,  spikelike,  narrow,  and  densely  flowered, 
sooietimes  interrux)ted  below.  The  spikelets  are  densely  crowded  on 
the  short,  almost  sessile,  branches.  The  outer  glumes  are  slightly  un- 
equal, rather  more  than  a  line  in  length ;  awn  pointed,  narrowly  lanceo" 
late,  scabrous  or  hispid  on  the  keel.  The  flowering  glume  is  about  half 
as  long  as  the  outer  glumes,  thin,  acute,  two-toothed  at  the  summit,  and 
on  the  back,  about  one-third  below  the  apex,  furnished  with  a  slender 
awn  three  times  its  own  length,  which  is  readily  seen  projecting  beyond 
the  outer  glumes.  There  is  no  proper  palet  or  only  a  microscopic  one. 
This  grass  deserves  the  attention  of  those  who  live  in  its  habitat.  It 
may  prove  a  useful  species.    (Plate  55,) 

Agrostis  canina.    (Dog's  Bent  Grass,  Mountain  Red  top.) 

A  grass  usually  of  low  size,  6  to  12  inches  high,  with  slender  culms, 
and  a  light,  flexible,  expanded  panicle,  growing  in  eleviited  regions  or 
in  high  latitudes,  and  with  a  perplexing  variety  of  forms.  The  radical 
leaves  are  numerous,  but  short  and  narrow.  The  culm  has  two  or  three 
fine  short  leaves,  1  or  2  inches  long,  the  ligule  acute,  short  but  con- 
spicuous. The  panicle  is  pyramidal  in  form,  3  or  4  inches  long,  of  few 
capillary  branches,  which  are  in  pairs,  horizontal  in  flower,  more  erect 
and  close  in  fruit,  dividing  near  the  extremities  into  a  few  sparsely  flow- 
ered branchlets.  The  spikelets  are  on  short,  flne  pedicels ;  the  outer 
glumes  nearly  equal,  ovate  and  acute,  one  to  one-half  line  long;  the 
flowering  glume  is  about  a  quarter  shorter  than  the  outer  ones,  thin, 
smooth,  obtuse,  and  bearing  on  the  back,  about  the  middle,  a  flne, 
straight  awn  about  two  lines  long;  the  palet  is  so  minute  as  to  be  hardly 
visible  to  the  naked  eye. 

There  are  several  varieties  of  this  grass  growing  in  mountainous  re- 
gions throughout  the  United  States  and  in  Europe.  It  forms  a  close 
sod,  and  aflbrds  considerable  pasturage  in  those  regions.    (Plate  56.) 
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PoLYPOGON  MONSPBLiENSis.    (Beard  grass.) 

An  annual  grass  frequent  in  California,  Oregon,  Arizona,  Texas,  and 
Utah,  and  sometimes  found  on  the  Atlantic  coast.    It  is  a  native  of 
Europe.    The  culms  are  from  6  inches  to  2  feet  high,  rather  stout,  apt 
to  be  procumbent  at  the  base,  and  often  branching  below.    There  are 
usually  three  or  four  leaves  on  the  culm,  which  are  broad,  flat,  3  toS 
inches  long,  and  somewhat  rough;  the  sheaths  are  rather  loose  and 
striate,  and  the  ligule  long  and  obtuse.    The  panicle  varies  from  1  to 4 
inches  in  length,  contracted  into  a  dense  cylindrical  spike,  of  a  shiniD^,! 
yellowish-green  color,  the  long  awns  or  beards  of  the  flowers  being  veiy; 
conspicuous.    The  spikelets  are  one-flowered,  about  one  line  long.    The 
outer  glumes  are  nearly  equal,  one-nerved  pubescent,  notched  attke 
apex,  the  midnerve  extended  into  a  slender  awn  or  beard  from  two  t*, 
four  times  as  long  as  the  glume.    The  flowering  ginme  is  about  half  ai| 
long  as  the  outer  ones,  thin,  toothed  at  the  apex,  and  usually  having  aj 
flne  awn  about  one  line  long ;  the  palet  is  smaller,  thin,  delicate,  astj 
without  an  awn.    It  is  quite  an  ornamental  grass,  bat  of  little  agricult- 
ural value.    (Plate  57.) 

CiNNA  ABUNDiNACEA.    (Wood  Eecd  grass.) 

A  perennial  grass,  with  erect,  simple  culms  from  3  to  6  feet  high,  with] 
a  creeping  rhizoma;  growing  in  swamps  and  moist,  shaded  woods  in  thil 
northern  or  mountainous  districts.  The  leaves  are  l^roadly  linear-lan- 
ceolate, about  1  foot  long,  four  to  six  lines  wide,  and  with  a  conspicoooi 
elongated  ligule.  The  panicle  is  from  6  to  12  inches  long,  rather  looaft 
and  open  in  the  flower,  afterwards  more  close.  The  branches  are  four 
or  five  together  below,  about  2  inches  long,  above  in  twos  or  threes  aiil 
shorter.  The  spikelets  are  one-flowered,  much  flattened,  rather  crowded 
on  the  branches,  frequently  purple  colored.  The  glumes  are  linear-la&> 
ceolate,  roughish,  acute,  and  strongly  keeled,  mostly  three-nerved,  firn 
in  texture,  about  two  lines  long,  the  lower  rather  the  shorter.  The  flower 
is  short-stalked  within  the  glumes;  the  flowering  glume  is  as  long ai 
the  outer  ones,  and  of  the  same  texture,  rather  scabrous  and  three* 
nerved,  and  usually  with  a  very  short  awn  near  the  apex.  The  palet 
is  rather  shorter  than  its  glume,  thin  and  membranaceous,  except  ot 
the  green  somewhat  rough  nerve.  This  is  one  of  the  very  rare  cases  in 
which  the  true  palet  has  only  a  simple  nerve,  probably,  Mr.  Bentbaii| 
says,  by  the  consolidation  of  two.    There  is  but  one  stamen.  | 

This  leafy-stemmed  grass  furnishes  a  large  quantity  of  fodder,  but' 
experiments  are  wanting  to  determine  it^  availability  under  cultiverl 
tion.    (Plate  58.) 

There  is  another  species,  Cinna  penduluj  which  is  more  slender,  witki 
a  looser  drooping  panicle  and  more  capillary  branches,  and  with  thinoer 
glumes.  It  occurs  in  the  same  situations  as  the  preceding,  and  is  moie 
common  in  the  Eocky  Mountains  and  Oregon. 
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Deyeuxia    (Calamagrostis.) 

This  genus  is  characterized  by  haviug  one-flowered  spikelets,  with  the 
Euldition  at  the  base  of  the  flowering  glume  of  a  small  hairy  appendage  or 
pedicel,  which  is  considered  to  be  the  rudiment  of  a  second  flower.  In 
Addition  to  this  the  flower  is  also  generally  surrounded  at  the  base  with 
ft  ring  of  soft  hairs,  and  the  flowering  glume  usually  bears  an  awn  on 
Its  back,  which  is  generally  bent  and  twisted.  Our  species  have  been 
Dntil  recently  included  in  the  genus  Calamagrostis^  which  is  principally 
II  very  similar  European  genus. 

Deyeuxia  (Calamagrostis)  Canadensis.    (Blue  Joint,  Small  Eeed 

grass.) 

A  stout,  erect,  tall  perennial  grass,  growing  chiefly  in  wet,  boggy 
ground  or  in  low,  moist  meadows.  Its  favorite  situation  is  in  cool,  ele- 
vated regions.  It  prevails  in  all  the  northern  portions  of  the  United 
States,  in  the  Eocky  Mountains,  and  in  British  America.  In  those  dis- 
tricts it  is  one  of  the  best  and  most  productive  of  the  indigenous  grasses. 
It  varies  much  in  luxuriance  of  foliage  and  size  of  panicle,  according 
to  the  location.  The  culms  are  from  3  to  5  feet  high,  stout  and  hollow, 
hence  in  some  places  it  is  called  the  small  reed-grass.  The  leaves  are 
a  foot  or  more  long,  flat,  from  a  quarter  to  nearly  half  an  inch  wide, 
and  rough ish  ;  the  stem  and  sheaths  smooth. 

The  panicle  is  oblong  in  outline,  open,  and  somewhat  spreading,  es- 
pecially during  flowering;  it  is  from  4  to  6  or  even  8  inclres  in  length, 
and  2  or  3  inches  in  diameter,  of  a  purplish  color;  the  branches  are 
BMKJtly  in  fives  at  intervals  of  an  inch  or  less.  These  branches  vary  in 
length  from  1  to  3  inches,  the  long  ones  flowering  only  toward  the  ex- 
tremity. The  spikelets  are  short-stalked,  the  outer  glumes  about  one 
and  one-lialf  lines  long,  lanceolate  and  acute;  the  silky  white  hairs  at 
the  base  of  the  flowering  glume,  are  about  as  long  as  the  glume;  those 
on  the  sterile  pedicel  also  nearly  as  long.  The  flowering  glume  is  thin 
and  delicate,  about  as  long  as  the  outer  glumes,  and  somewhat  finely 
toothed  at  the  apex,  three  to  five  nerved,  and  bearing  on  the  back,  be- 
low the  middle,  a  delicate  awn,  reaching  about  to  the  point  of  the  glume, 
and  not  much  stouter  than  the  hairs.  The  proper  palet  is  thin,  oblong, 
and  about  two-thirds  the  length  of  its  glume. 

Mr.  J.  S.  "Gould  says : 

It  coDstitutes  about  one-third  of  the  natural  grassos  on  the  Beaver  Dam  Meadows 
of  the  AdiroDdacks.  It  is  certain  that  cattle  relish  it  very  nuich,  both  in  its  green 
rtate  and  when  made  into  hay,  and  it  is  equally  certain  that  the  farmers  who  have 
it  on  their  farms  believe  it  to  be  one  of  the  best  grasses  of  their  meadows. 

(Plate  59.) 

Deyeuxia  sylvatioa.    (Bunch  grass.) 

A  coarse  perennial  grass,  growing  in  large  tufts,  usually  in  sandy 
ground  in  the  Rocky  Mountains  at  various  altitudes,  also  in  California, 
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Oregou,  aud  British  America.  It  fomisbes  an  abaudant  coarse  forage 
in  the  regions  where  it  is  found.  The  culms  are  from  1  to  2  feet  higfa, 
erect,  rigid,  and  leafy ;  the  radicle  leaves  are  frequently  as  long  as  ^e 
culm,  two  or  three  lines  wide,  sometimes  flat,  but  generally  involata 
and  rigid.  The  culm  leaves  are  from  3  to  6  or 'S  inches  long,  rigid  and 
rough.  The  panicle  is  narrow  and  spike-like,  3  to  5  inches  long,  erect, 
rather  dense,  sometimes  interrupted  below,  and  varying  from  pale  green 
to  x^urple.  The  branches  are  mostly  in  fives,  very  short  and  roagL 
The  spikelets  are  about  a  quarter  of  an  inch  long,  on  short,  rough  pedi- 
cels ]  the  outer  glumes  are  nearly  equal,  ovate-lanceolate,  long  and  sharp 
pointed,  the  upper  one  three-nerved,  the  lower  one-nerved.  The  flower- 
ing glume  is  about  one-third  shorter,  of  similar  texture,  three-nerved, 
four- toothed  at  the  apex,  and  bearing  on  the  back  a  twisted  aud  bent 
awn  longer  than  the  glume.  The  hairs  at  the  base  are  scanty  aud  short, 
those  of  the  rudiment  about  half  as  long  as  the  flower.  The  palet  is 
about  half  as  long  as  its  glume,  thin,  two-nerved,  and  two  toothed  at 
the  apex.    (Plate  60.) 

Deyeuxia  Howellii.    (Howell's  grass.) 

Culms  densely  tufted,  1  to  2  fcjpt  high,  erect  or  somewhat  geniculate 
below,  smooth ;  radical  leaves  numerous,  as  long  as  the  culm,  firm,  bat 
not  rigid,  inclined  to  be  involute,  the  ligule  conspicuous,  about  uneaad 
one-half  lines  long,  scarious ;  culm  with  three  or  four  leaves  which  are 
4  to  6  inches  long,  the  upper  one  nearly  equaling  the  culm.  Panide 
pyramidal,  loose  and  spreading,  3  to  4  inches  long,  the  branches  mostly 
in  fives,  the  lower  ones  1  to  1^  inches  long,  numerously  flowered  above 
■  the  middle.  Spikelets  pale  green  or  tinged  with  purple,  outer  glumes 
lanceolate,  acute,  two  aud  one-half  to  three  lines  long,  nearly  equal, 
membranaceous,  the  ux)per  three-nerved,  the  lower  one-nerved;  flower- 
ing glume  slightly  shorter  than  the  outer  ones,  lanceolate,  acute,  three 
to  five  nerved,  the  apex  bifid,  usually  with  four  mucronate  points,  a 
conspicuous  strong  awn  one-half  inch  long,  inserted  on  the  back  aboat 
the  lower  third,  a  tuft  of  short  hairs,  and  a  hairy  pedicel  about  half  as 
long  as  the  floret ;  palet  nearly  as  long  as  its  glume,  thin,  acute,  and 
two-toothed  at  the  apex. 

This  grass  has  recently  been  discovered  in  Oregon  by  Mr.  T.  J.  Howell, 
and  also  in  Washington  Territory  by  Mr.  W.  N.  Suksdorf.  From  its 
habit  of  growth  and  the  great  abundance  of  foliage,  it  gives  promise 
of  being  a  vahiable  grass  for  cultivation.     (Plate  61.) 

Ammophila. 

This  genus  differs  very  little  from  Deyaixia^  but  chiefly  in  the  absence 
of  the  awn  on  the  back  of  the  flowering  glume. 

Ammophila  arundinacea.    (Sea-sand  reed.  Beach  grass.  Mat  grass.) 

This  is  the  Calama^rostis  arenaria  of  the  olden  books.  The  entire 
plant  is  of  a  whitish  or  pale-green  color.    It  grows  on  sandy  beaches 
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of  the  Atlantic  at  least  as  far  south  as  North  GaroliDa,  and  on  the  shores 
of  the  Great  Lakes,  but  has  not  so  far  been  recorded  from  the  Pacific 
coast.  It  also  grows  on  the  sea-coast  of  the  British  Isles  and  of  Europe. 
It  forms  tufts  of  greater  or  less  extent,  ^'  its  long  creeping  roots  ex- 
tending sometimes  to  the  extent  of  40  feet,  and  bearing  tubers  the  size 
of  a  pea,  iuterlaced  with  death-like  tenacity  of  grasp,  and  form  a  net- 
work beneath  the  sand  which  resists  the  most  vehement  assaults  of 
tiie  ocean  waves."  The  culms  are  from  2  to  3  feet  high,  rigid  and  solid  ; 
the  leaves  long,  involute,  smooth,  rigid,  and  slender-pointed ;  the  pan- 
icle dense,  6  to  10  inches  long,  close  and  spike-like ;  the  spikelets  are 
about  half  an  inch  long,  compressed,  crowded  on  the  very  short  branch- 
lets.  The  outer  glumes  are  nearly  equal,  five  to  six  lines  long,  com- 
pressed, lanceolate,  chartaceous,  smooth  excepton  the  thin  keel;  the  flow- 
eriDg  glume  is  a  little  shorter,  acute  or  slightly  mucrouate  at  the  tip, 
obscurely  five-nerved;  the  palet  about  as  long  as  its  glume,  two-keeled. 
The  hairs  at  the  base  are  rather  scanty,  and  about  one-thinl  as  long  as 
the  flowering  glume ;  the  hairy  pedicel  is  of  about  the  same  length. 
This  grass  has  no  agricultural  value,  but  from  time  immemorial  its  util- 
ity in  binding  together  the  loose  sands  of  the  beach  and  restraining  the 
inroads  of  the  ocean  has  been  recognized  and  provided  for  in  some 
places  by  law.  Mr.  Flint,  in  his  work  on  grasses,  says  that  the  town 
and  harbor  of  Provincetown,  once  called  Cape  Cod,  where  the  Pilgrims 
first  landed,  one  of  the  largest  and  most  important  harbors  in  the  United 
States,  sufficient  in  depth  for  ships  of  largest  size,  and  in  extent  to  anchor 
three  thousand  vessels  at  once,  owe  their  preservation  to  this  grass. 
The  usual  way  of  propagating  the  grass  is  by  transplanting  the  roots. 
The  grass  is  pulled  up  by  hand  and  placed  in  a  hole  about  a  foot  deep* 
and  the  sand  pressed  around  it  by  the  foot.  There  are  undoubtedly 
many  places  on  the  sea-coast  where  this  grass  would  be  of  inestimable 
value  in  restraining  the  encroachment  of  the  ocean.  It  would  also  be 
useful  in  forming  a  dense  turf  for  the  protection  of  dikes  and  banks 
subject  to  water- washing. 

AlDIOPHILA  LONGIFOLIA. 

This  grass,  formerly  called  Calamagrostis  hngifolia^  has  recently  been 
transferred  by  Mr.  Bentham  to  genus  Ammophilu.  It  grows  on  the 
sandy  plains  ofthe  interior  from  British  America  to  Arizona,  and  on  the 
borders  of  the  Great  Lakes.  It  has  strong  running  root-stalks,  like  the 
preceding,  but  is  much  taller,  the  culms  being  3  to  6  feet  high,  stout 
and  reed  like ;  the  leaves  long,  rigid,  and  becoming  involute,  with  a  long 
thread-like  point.  The  panicle  is  quite  variable,  from  4  to  16  inches  long, 
at  first  rather  close,  but  becoming  open  and  spreading,  the  branches  in 
the  smaller  forms  being  2  or  3  inches  long,  and  in  the  larger  ones  often 
10  or  12  inches  and  widely  spreading.  The  outer  glumes  are  lanceolate, 
'  unequal,  smooth,  and  chartaceous,  the  upper  one  three  to  four  lines  long, 
the  lower  about  one-fourth  shorter. 
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The  flowering  glume  and  palet  are  of  equal  length  and  similar  texture 
with  the  longest  outer  glume ;  the  copious  hairs  at  the  base  are  more 
than  half  as  long  as  the  flower.  There  is  no  sterile  pedicel  or  rudimeot 
This  grass  is  too  coarse  to  be  of  much  agricultural  value,  but  would  be 
useful  for  the  same  purposes  as  the  preceding. 

DE£tcHAMPSiA.    ( Aira  of  the  books.) 

This  genus  has  two-flowered  spikelets,  the  upper  flower  usually  small- 
er than  the  lower,  generally  in  a  loose  panicle  with  slender  branches. 
The  axis  or  stem  connecting  the  two  flowers  is  hairy,  and  is  extended 
into  a  hairy  pedicel  which  rarely  bears  an  empty  glume  or  rudiment  of 
another  flower.  The  outer  glumes  are  keeled,  rather  thin,  and  with 
scarious  margins ;  the  flowering  glumes  have  a  fine  awn  on  the  back 
below  the  middle. 

Deschampsia  cjespitosa  (aira  ccespitosa).    (Hair  grass.) 

This  is  an  exceedingly  variable  species,  having  a  very  wide  distribu- 
tion in  this  and  other  countries.  It  is  somewhat  rare  east  of  the  Mis- 
sissippi, but  on  the  elevated  plains  and  in  the  Rocky  Mountains,  ^ao 
in  California  and  Oregon,  it  is  one  of  the  common  bunch  grasses  which 
afford  pasturage  to  cattle  and  horses.  In  the  East  it  is  found  in  the 
hflly  regions  of  New  England  and  the  Alleghanies. 

The  culms  fonn  tussocks,  are  smooth,  and  grow  from  2  to  4  feet  high; 
the  I'oot  leaves  are  very  numerous,  generally  flat,  narrow,  and  fipom  6 
inches  to  a  foot  long;  those  of  the  culm  about  2,  and  from  1  to  3  inches 
long ;  the  ligule  is  conspicuous  and  pointed.  The  panicle  is  generally 
pyramidal,  4  to  6  or  sometimes  10  inches  long,  the  branches  distant,  1 
to  3  inches  long ;  capillary  and  spreading,  the  lower  ones  in  fives,  those 
above  two  or  three  together,  or  single,  and  are  flower-bearing  mostly 
above  the  middle.  The  spikelets  are  smooth,  on  slender  pedicels,  and  are 
about  two  lines  long.  The  empty  glumes  are  membranaceoufi,  purple, 
or  yellowish,  nearly  equal,  the  upper  one  a  little  the  longer  and  about 
as  long  as  the  flowers ;  the  flowering  glumes  are  oblong,  toothed  at  the 
obtuse  apex,  thin, ^carious  margined  and  delicately  nerved;  from  the 
back  near  the  base  proceeds  a  slender  awn  about  as  long  a-s  the  glume. 
The  palets  are  similar  in  texture,  narrow,  two-nerved  and  two-toothed 

at  the  apex. 

The  panicle  is  very  handsome,  presenting  a  purple  or  glossy  hue  and 
a  loose  graceful  appearance. 

We  know  very  little  as  to  the  value  of  this  grass.  It  may  be  found 
worthy  of  cultivation  in  the  arid  interior  districts.    (Plate  62.) 

Deschampsia  flexuosa.    (Wood  hair  grass.) 

A  perennial  grass,  growing  in  tufts  on  rocky  hills  or  in  sandy  woods. 
The  culms  are  slender,  IJ  to  2  feet  high,  and  smooth.  The  leaves  are 
mostly  from  the  root,  very  numerous,  very  narrow,  involute,  and  6  to 
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12  inches  long.  The  panicle  is  rather  looser,  and  with  longer^  more 
naked  branches,  and  fewer  flowers  than  the  preceding  species.  The 
hnmches  are  two  to  three  together  at  the  joints ;  the  spikelets  are  of 
aboot  the  same  size,  on  longer  pedicels,  the  awn  of  the  flowering  glume 
about  half  longer,  becoming  bent  and  twisted.  Sheep  are  fond  of  this 
grass,  and  where  they  have  access  to  it,  gnaw  it  close  to  the  ground. 
It  affords,  however,  bnt  a  small  amount  of  feed,  and  is  undeserving  of 
cultivation. 

Deschampsia  danthonioides.    {Aira  danthonioides.) 

A  slender  annual  grass,  common  in  Oregon  and  California,  growing 
in  moist  meadows,  where,  according  to  Mr.  Bolauder,  it  often  forms  a 
large  portion  of  the  herbage.  -^ 

From  its  slender  culms  and  small  leaves  it  cannot  furnish  a  large  bulk 
of  hay.  The  culms  vary  from  3  inches  to  a  foot  or  2  in  height,  some- 
times bent  and  branching  at  the  base.  The  leaves  are  1  or  2  inches 
loDg  and  very  narrow ;  the  upper  sheaths  are  very  long.  The  panicle 
is  loose,  very  slender,  erect,  usually  2  to  6  inches  long,  the  lower 
branches  in  twos  or  threes,  the  upper  ones  in  pairs  or  solitary,  distant, 
appressed,  branching  from  below  the  middle,  and  two-flowered.  The 
spikelets  are  on  slender  pedicels.  The  outer  glumes  are  about  three 
lines  long, lanceolate,  gradually  sharp-pointed,  three-nerved,  and  slightly 
roughed  on  the  keel.  The  two  flowers  are  together,  shorter  than  the 
outer  glumes,  being  each  about  one  line  long,  with  a  small  tuft  of  silky 
white  hairs  at  the  base.  The  flowering  glumes  have  a  truncated  apex 
with  four  small  teeth,  and  the  awn,  which  is  inserted  on  the  back  about 
tlie  middle,  is  three  or  four  times  as  long  as  the  glume,  and  usually  more 
or  less  twisted  and  bent.     (Plate  63.) 

HoLCUS  LANATUS.    (Velvet  grass,  Meadow  Soffc  grass,  Velvet  Mes- 

quite  grass.) 

A  foreign  grass,  which  has  been  introduced  and  has  become  tolerably 
well  established  in  many  places.  It  is  a  perennial,  with  a  stout,  erect 
culm,  2  to  3  feet  high,  the  leaves,  and  e8x>ecially  the  sheaths,  densely 
clothed  with  soft  hairs  feeling  like  velvet.  The  culm  is  leafy  and  the 
sheaths  loose ;  the  upper  ones  longer  than  the  blade,  which  is  three  to  six 
hues  wide,  4  to  5  inches  long,  and  rather  abruptly  pointed.  The  panicle 
is  open  and  spreailing,  rather  oblong  in  outline,  and  4  to  6  inches  long. 
The  branches  are  mostly  in  twos  or  threes,  much  divided,  and  softly 
pubescent.  The  spikelets  are  two-flowered,  the  lower  one  being  the 
larger -and  containing  both  stamens  and  pistils,  the  upper  one  small 
and  staminate  only.  The  outer  glumes  a^e  about  two  liues  long,  mem- 
branaceous, boat-shaped,  sparingly  pubescent,  and  white,  the  upper  one 
broader  and  three  nerved,  the  lower  one-nerved,  both  much  longer  than 
the  flowers.    The  flowering  glumes  are  smooth  and  shining,  thicker 
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than  the  outer  glumes,  the  lower  flower  awnless,  the  upper  one  with  t 
short,  stx>ut,  bent,  or  hooked  awn  at  the  apex. 

This  grass  is  not  held  in  good  repute  as  an  agricultural  grass  in 
Europe.  In  this  country,  especially  at  the  South,  it  has  frequently 
been  favorably  spoken  of.     Professor  Phares  says : 

It  luxuriates  in  moist,  peaty  lands,  but  will  grow  on  poor,  sandy,  or  clay  biU  lands, 
and  produce  remnnerative  crope  where  few  other  plants  will  make  anythinf;.  It  hai 
been  cultivated  in  North  Carolina  od  such  laud,  and  after  cutting  and  allowed  to  siov 
again,  plowed  under  with  so  much  advantage  that  other  crops  were  subseqoentlj 
produced.  Hon.  H.  W.  L.  Lewis,  of  Louisiana,  has  cultivated  this  grai^  many  yean 
with  great  satisfactiou.  It  is  by  no  means  the  best  of  our  grasses,  but  best  for  some 
lands,  and  on  such  lands  more  profitable  than  other  grasses.  It  seems  to  have  been 
greatly  improved  by  acclimating  in  Texas  and  other  Southern  States,  and  this  is 
true  of  some  of  the  other  grii3ses  and  forage  plants. 

(Plate  64.) 

Tbisetum. 

This  genus  is  characterized  as  haviug  the  spikelets  two  to  three  and, 
rarely,  five  flowered,  the  axis  usually  hairy,  and  at  the  base  of  the  ui^»6r 
flower  extended  into  a  bristle;  the  outer  glumes  unequal,  acute,  keeled, 
membranaceous,  with  scarious  margins^  the  flowering  gluihes  of  similar 
texture  keeled,  acute,  the  apex  two-toothed,  the  teeth  sometimes  pro- 
longed  into  bristle-like  points,  the  central  nerve  furnished  with  an  awn 
above  the  middle,  which  is  usually  twisted  and  bent  in  the  middle;  the 
palet  hyaline,  narrow,  two-nerved,  two-toothed. 

Tbisetum  palustre. 

A  slender  grass,  usually  about  2  feet  high,  growing  in  low  meadows  or 
moist  ground  throughout  the  Eastern  part  of  the  United  States.  The 
culms  are  smooth,  with  long  internodes  and  few  linear  leaves,  2  to  4  inches 
long;  the  panicle  is  oblong,  3  to  4  inches  long,  loose  and  gracefollj 
drooping,  the  branches  two  to  Ave  together,  rather  capillary,  1  to  1^ 
inches  long,  and  loosely  flowered;  the  spikelets  are  two-flowered;  the 
outer  glumes  are  about  two  lines  long,  the  lower  one  one-nerved,  the 
upper  rather  obovate  aud  three-nerved;  the  lower  flower  is  commoDly 
awnless  or  only  tipped  with  a  short  awn ;  the  second  flower  is  rather 
shorter  and  with  a  slender,  spreading  awn  longer  than  the  flower. 

This  is  a  nutritious  grass,  but  is  seldom  found  in  sufficient  quantity 
to  be  of  much  value.    (Plate  65.) 

Trisetum  cernuum. 

This  grass  grows  to  the  height  of  2  or  3  feet,  with  flat  wide  leaves, 
which  are  about  6  inches  long,  and  with  an  open,  spreading,  and  droop* 
ing  panicle,  6  to  9  inches  long;  the  branches  are  slender,  solitary,  or 
sometimes  clustered  below,  and  much  subdivided  above  the  middle. 
The  spikelets  vary  from  three  to  six  lines  in  length  and  have  two  to  three 
or,  rarely,  four  flowers  in  each.    The  outer  glumes  are  very  nnequal,  the 
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lower  one  being  very  narrow  and  awl-shaped,  the  upper  one  broad,  three- 
nerved,  obtuse,  and  tipped  with  a  fine  point,  and  longer,  sometimes  twice 
as  long  as  the  lower. 

The  flowering  glume  has  two  slender  pointed  teeth,  and  on  the  back, 
near  the  apex,  a  slender  awn  twice  its  length. 

Of  this  grass  Mr.  Bolander  says  that  it  deserves  further  attention. 
It  grows  on  dry  hill-sides  near  the  Bay  of  San  Francisco  and  the  Oak- 
land hills,  and  also  extends  northward  to  Oregon.    (Plate  66.) 

Tbisetum  subspicatum. 

A  perennial  grass  of  the  mountainous  regions  of  Europe  and  North 
America.  It  is  found  sparingly  in  New  England,  on  the  shores  of  Lake 
Superior,  in  the  Eocky  Mountain^  of  Colorado,  Utah,  California,  Oregon, 
and  northward  to  the  Arctic  circle.  It  varies  in  height  according  to  the 
altitude  at  which  it  grows,  being  sometimes  reduced  to  3  or  4  inches,  at 
other  times  running  up  to  2  feet  high.  The  culms  are  erect  and  firm, 
smooth,  or  downy.  The  panicle  is  spike-like,  dense,  and  cylindrical  or 
elongated,  and  more  or  less  interrupted,  generally  of  a  purplish  color. 
The  spikelets  are  two  to  three  flowered.  The  flowers  are  slightly  longer 
than  the  outer  glumes,  slightly  scabrous,  the  flowering  glumes  acutely 
two  toothed  at  the  apex,  and  bearing  a  stout  awn  which  is  longer  than 
its  glume. 

This  undoubtedly  furnishes  a  considerable  portion  of  mountain  pas- 
turage.    (Plate  67.) 

AvENA.     (Oats  and  Oat  grass.) 

This  genus  is  closely  related  to  TrisetuMj  the  spikelets  are  larger  and 
two  to  five  flowered,  the  uppermost  one  generally  imperfect;  the  axis  is 
hairy  below  the  flowers,  the  outer  glumes  nearly  equal;  the  flowering 
glumes  of  firmer  texture  (in  some  species  cartilaginous),  shortly  two- 
toothed  at  the  apex,  and  with  a  long  twisted  awn  below  the  point. 

AvENA  fatua.    (Wild  oats.) 

This  species  is  very  common  in  California.  It  is  generally  thought 
to  have  been  introduced  from  Europe,  where  it  is  native,  but  it  has  be- 
come diffused  over  many  other  countries,  including  Australia  and  South 
America.  It  is  thought  by  some  to  be  the  original  of  the  cultivated 
oat,  Avena  sativai,  that  the  common  oat  will  degenerate  into  the  wild 
oat,  and  that  by  careful  cultivation  and  selection  of  seed  the  wild  oat 
can  be  changed  into  the  common  cultivated  oat.  But  on  this  question 
there  is  a  conflict  of  opinions,  and  the  alleged  facts  are  not  sufficiently 
established.  The  wild  oat  differs  from  the  cultivated  one  chiefly  in 
having  more  flowers  in  the  spikelets,  in  the  long  brown  hairs  which 
cover  the  flowering  glumes,  in  the  constant  presence  of  the  long  twisted 
awn,  and  in  the  smaller  size  and  lighter  weight  of  the  grain.  It  is  a 
great  injury  to  any  grain-field  in  which  it  may  be  introduced,  but  for 
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the  purpose  of  fodder,  of  which  it  makes  a  good  quality,  it  has  been 
much  employed  iu  California. 

It  is  stated  above  ^'  that  the  commou  cultivated  oat  is  believed  some- 
times to  degenerate  into  the  wild  oat."  The  following  case,  described 
by  Mr.  J.  G.  Pickett,  of  Pickett's  Station,  Wis.,  certainly  seems  to 
alford  evidence  to  that  effect.  The  circumstance  can  only  be  other- 
wise accounted  for  by  supposing  the  accidental  introduction  of  the  wild 
oat  through  seed  obtained  from  some  foreign  source.  It  also  shows 
how  easily  this  pest  is  spread  after  once  being  introduced  into  a  iSeld. 
Mr.  Pickett  writes  as  follows : 

Inclosed  I  Rend  yon  specimens  of  a  plant  known  in  this  section  as  wild  oats.  The 
history  of  the  plant  is  as  follows :  In  the  year  1856  Mr.  Lucius  Hawley,  of  this  town, 
threshed  with  a  machine  abont  15  acres  of  commou  white  oats  from  the  stack,  npoD 
the  ground  where  the  crop  grew.  The  straw  was  indifferently  piled  up,  aud  so  re- 
mained through  the  winter.  In  the  following  spriug  the  straw  was  set  on  fire,  bat 
being  wet  was  but  partially  burned,  and  what  remained  was  scattered  over  abont  an 
acre  of  ground,  and,  with  the  balance  of  the  field,  was  plowed  under,  and  the  field 
sown  to  spring  wheat.  At  harvest  time  the  threshing  ground  and  the  land  apoa 
which  the  partially  burned  straw  had  been  drawn  was  found  to  be  completely  ocea- 
pied  by  a  crop  of  oats,  and  so  thick  upon  the  ground  as  to  have  completely  smothend 
the  wheat.  Mr.  Hawley,  supposing  the  oats  were  from  those  of  the  former  crop,  did 
not  examine  the  grain  closely,  but  cut  the  wheat  and  oats  with  a  rea'per,  at  the  mme 
time  keeping  the  grains  separate  as  much  as  possible,  and  he  did  not  discover  until 
stacking  the  grain  that  the  oat-s  were  not  the  common  oats,  but  something  different 
from  any  he  had  seon  before.  The  oats  ripening  early,  had  shelled  upon  the  reai>er, 
and  were  carried  more  or  less  over  the  entire  field,  and  a  crop  of  spring  wheat  again 
following,  the  new  oats  were  found  scattered  over  the  whole  field.  This  was  the  first 
known  of  this  pest  here,  and  up  to  this  time  (March,  1B82)  it  has  continued  to  spread 
over  the  country  by  being  mixed  with  seed  wheat  and  oats,  and  transported  from 
farm  to  farm  by  threshing-machines  until  the  damage  done  can  hardly  be  estimated* 
It  will  effectually  run  out  any  crop  aud  take  en.tire  possession  of  the  soil.  Seeding 
down  the  land  for  three  or  four  years  will  eradicate  the  grain,  and  this  .is  the  only 
remedy  yet  found.  This  oat  is  a  winter  grain  aud  will  not  germinate  and  grow  until 
it  has  laid  in  or  upon  the  ground  over  winter  and  been  frozen.  I  have  known  a  field 
of  40  acres  sown  in  the  spring  with  clean  wheat  seed  and  nothing  else,  from  whieh 
was  threshed  600  bushels  of  these  oats,  and  wheat  about  equaling  the  amount  of  seed 
sown.  The  oat,  while  growing,  looks  precisely  like  the  common  oat,  bnt  ripens  earl.T 
and  shills  easily.  The  kernel,  when  ripe,  is  nearly  black,  and  has  attached  to  it  a 
spiral  barbed  tail,  by  which  it  attaches  itself  to  clothing,  grain-bags,  and  to  every 
crevice  about  a  threshing-machine,  fanoing-mill,  or  reaper,  and  iv-ill  even  penetrate 
the  skins  of  animals.  When  cleaned  the  grain  weighs  from  12  to  Id  pounds  per 
bushel,  and  it  is  only  used  by  finely  grinding  the  grain  for  stock,  or  by  cntting,  before 
ripening,  for  hay,  of  which  it  makes  a  good  quality.  My  own  theory  of  its  origin  is 
that  by  the  action  of  fire  and  the  winter  exposure  the  common  oat  on  the  farm  of  Mr. 
Hawley  changed  its  variety  and  nature  into  this  wild  winter  oat,  which  is  now  the 
worst  pest  this  part  of  Wisconsin  has  yet  known. 

(Plate  es.) 

A  VENA  STRIATA.    (Wild  oat  grass.) 

Grows  on  rocky  hills  in  New  England,  New  York,  and  northwest- 
ward. The  culms  are  about  2  feet  high,  smooth  and  slender.  The 
leaves  are  narrow  aud  4  to  6  inches  long ;  the  panicle  is  slender,  4  to  5 
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inches  long,  open  and  drooping ;  the  upper  branches  are  single  and  un- 
divided, each  with  a  single  spikelet,  the  lower  branches  are  in  twos  or 
threes,  with  longer  pedicels,  and  sometimes  having  two  or  three  spikelets. 
The  spikelets  are  one-half  to  three-fourths  Inch  long,  and  from  three  to  six 
flowered.  The  outer  glames  are  much  shorter  than  the  spikelet,  thin, 
scarious  on  the  margins,  acute,  and  purplish.  Each  of  the  flowers  has 
a  short  tuft  of  hairs  at  the  base.  The  lower  palet  is  four  lines  long, 
seven  nerved,  sharply  two  toothed  at  the  apex,  just  below  which  rises 
a  slender  bent  awn.  All  the  flowers  of  the  spikelet  are  alike,  except 
that  the  upper  ones  are  smaller.  This  grass  is  related  to  the  cultivated 
oats.  Its  range  is  to  the  northward,  being  addicted  to  a  cool,  elevated 
coantry.  Its  productiveness  and  value  for  agricultural  purposes  has  not 
been  tested.    (Plate  69.) 

Avena pr€U€ntis  and  Avena  ftavescens  are  two  species  of  Europe,  which 
have  been  cultivated  to  some  extent  in  that  country,  but  are  little 
known  here. 

Abbhenathbbum  ayenageuk.     (Evergreen  grass,  Tall  oat  grass, 

Meadow  oat  grass.) 

A  perennial  grass  of  strong,  vigorous  growth,  introduced  from  Europe, 
and  sparingly  cultivated.  Culms,  2  to  4  feet  high,  erect,  rather  stout, 
with  four  or  five  leaves  each  ;  the  sheaths  smooth,  the  leaves  somewhat 
roagh  on  the  upper  surface,  6  to  10  inches  long,  and  about  three  lines 
wide,  gradually  pointed.  The  panicle  is  loose,  rather  contracted,  from 
6  to  10  inches  long,  and  rather  drooping ;  the  branches  very  unequal, 
Hiostly  in  fives,  the  longer  ones  1  to  3  inches,  and  subdivided  Irom  about 
the  middle ;  the  smaller  branches  very  short,  all  rather  full-flowered. 
The  spikelets  are  mostly  on  sliort  pedicels.  The  structure  of  the  flowers 
is  similar  to  that  of  common  oats,  but  different  in  several  particulars. 
The  spikelets  consist  of  two  flowers,  the  lower  of  which  is  staminate 
only,  the  upper  one  both  staminate  and  pistillate ;  the  outer  glumes  are 
thin  and  transparent,  the  upper  one  about  four  lines  long  and  three- 
nerved,  the  lower  one  nearly  three  lines  long  and  one-nerved.  The 
flowering  glume  is  about  four  lines  long,  green,  strongly  seven-nerved, 
lanceolate,  acute,  hairy  at  base,  roughish,  and  in  the  lower  flower  gives 
rise  on  the  back  below  the  middle  to  a  long,  twisted,  and  bent  awn ;  in 
the  upper  flower  the  glume  is  merely  bristle-pointed  near  the  apex. 
The  palet  is  thin  and  transparent,  linear,  and  two- toothed.  This  grass 
is  much  valued  on  the  continent  of  Europe.  The  herbage  is  very  pro- 
ductive and  its  growth  rapid.  When  growing  with  other  grasses  cattle 
and  sheep  eat  it  very  well,  but  do  not  like  to  be  confined  to  it  exclu- 
•ively. 

Mr.  Thomas  Brigden,  of  South  Lowell,  Ala.,  says,  respecting  this 
grass: 

We  obtained  seed  from  the  Tennesflee  VaUey  under  the  name  of  evergreen  grass,  and 
It  appears  at  the  present  time  to  be  by  far  the  most  valnable  kind  that  w^e  have  ex- 
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perimented  with ;  It  remains  green  during  the  winter,  and  starts  into  growlh  Toy 
early  in  the  spring,  making  a  dense,  heavy  growth  from  20  to  30  inches  high,  and,  u 
far  as  at  present  tested,  it  stands  the  summer  heat  well. 

Professor  PJiares,  of  Mississippi,  Rays : 

It  is  widely  natnralifed  and  well  adapted  to  a  great  variety  of  soils.  On  sandy  or 
gravelly  soils  it  snooeeds  admirahly,  growing  2  to  3  feet  high.  On  rich,  dry  upland 
it  grows  from  5  to  7  feet  high.  It  has  an  ahnndance  of  perennial,  long  fibrons  rooit 
penetrating  deeply  in  the  soil,  being  therefore  less  affected  by  drought  or  cold,  and 
enabled  to  yield  a  large  quantity  of  foliage,  winter  and  summer.  These  advantai^ei 
render  it  one  of  the  very  best  grasses  for  the  South,  both  for  grazing,  being  evergreen, 
and  for  hay,  admitting  of  being  cut  twice  a  year.  It  is  probably  the  best  winter 
grass  that  can  be  obtained.  It  will  make  twice  as  much  hay  as  timothy.  To  make  good 
hay  it  must  be  cut  as  soon  as  it  blooms,  and  after  cut,  must  not  be  wet  by  dew  or  « 
rain,  which  damages  it  greatly  in  quality  and  appearance.  For  green  soiling  it  may 
be  cut  four  or  five  times  with  favorable  seasons.  In  from  six  to  ten  days  after  bloom- 
ing the  seeds  begin  to  ripen  and  fall,  th«^  upper  ones  first.  It  is  therefore  a  litUo 
troublesome  to  save  the  seed.  As  soon  as  those  at  the  top  of  the  panicle  ripen  solB- 
ciently  to  begin  to  drop  the  seeds  should  be  cut  off  and  dried,  when  the  seeds  will 
all  thresh  out  readily  and  be  matured.  Ailter  the  seeds  are  ripe  and  taken  off  t^e  long) 
abundant  leaves  and  stems  are  still  green,  and  being  mowed  make  good  hay.  It  may 
be  sown  in  March  or  April  and  mowed  the  same  season  ;  but  for  heavier  yield  it  is 
better  to  sow  in  September  or  October.  Not  less  than  2  bushels  (14  pounds,  per  acre 
should  be  sown.  The  average  annual  nutriment  yielded  by  this  grass  in  the  sonthera 
belt  is  probably  twice  as  great  as  in  Pennsylvania  and  other  Northern  States. 

Mr.  Charles  L.  Flint  says : 

It  produces  an  abundant  supply  of  foliage,  and  is  valuable  for  pastures  on  account 
of  its  early  and  luxurious  g^wth.  It  grows  spontaneously  on  deep,  sandy  soils  when 
once  naturalized.  It  has  been  cultivated  to  some  extent  in  New  England,  and  was 
at  one  time  highly  esteemed,  mainly  for  its  early,  rapid  and  late  growth,  making 
it  well  calculated  as  a  permanent  pasture  grass.  It  will  succeed  on  tenacious  clover 
soils. 

(Plate  70.) 

Danthonia. 

This  genus  is  related  to  Avetia  and  characterized  as  follows:  Spikelets 
three  to  five  or  many-flowered,  the  axis  hairy  and  produced  beyond  the 
flowers  in  a  stipe  or  imperfect  flower;  outer  glumes  narrow,  keeled, 
acute,  usually  as  long  as  the  spikelet;  flowering  glumes  of  firmer  tex- 
ture, convex  on  the  back,  seven  to  nine  nerved,  with  two  rigid  or  scarioos 
terminal  teeth  or  lobes,  and  with  a  flatish,  twisted,  and  bent  awn  be> 
tween  the  teeth.  This  awn  is  composed  by  the  union  of  the  middle  and 
two  of  the  lateral  nerves. 

Danthonia  spicata.    (Spiked  Wild  Oat  grass.) 

This  species  grows  in  small  clumps  on  barren  hills  or  in  poor  clay 
lands.  The  leaves  are  mostly  in  a  tuft  near  the  ground,  short,  narrow, 
and  curled  in  dry  weather.  The  culms  are  from  1^  to  2  feet  high,  erect 
and  slender.  The  panicle  is  only  an  inch  or  two  long,  mostly  simple, 
and  of  four  to  seven  spikelets,  with  very  short  pedicels.    The  spikeleu 
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are  about  five-flowered,  the  flowering  glame  loosely,  hairy,  with  the  teeth 
about  one-fourth  its  length  and  very  acute. 

It  is  a  grass  of  very  little  value. 

Hon.  J.  S.  Gould  says : 

Ai  it  will  grow  on  hard  clay  lands  where  nothing  else  will,  it  might  be  worth  while 
to  sow  its  seeds  on  snch  lands,  as  it  is  certainly  better  than  nothing ;  but  the  better 
plan  is  to  mannre  the  soil  so  that  it  will  produce  the  richer  grasses. 

(Plate  71.) 

Danthonia  gohpressa.    (Mountain  Oat  grass.) 

This  species  grows  in  Pennsylvania,  New  York,  and  New  England. 
Mr.  C.  G.  Pringle  sends  it  from  Vermont  growing  on  dry  hillocks  along 
{he  Waterbury  Biver.  It  also  grows  on  the  summit  of  the  Bean 
Mountains,  North  Carolina,  over  large  areas,  and  furnishes  good  sum- 
mer pasturage.  Probably  it  occurs  on  the  other  mountains  of  the  Al- 
leghany range.  It  differs  from  the  preceding  in  forming  a  compact  sod, 
by  having  more  numerous  and  larger  leaves,  by  a  larger,  longer,  and 
spreading  panicle,  and  by  the  longer,  more  slender  awn-pointed  teeth 
of  the  flowering  glumes.    (Plate  72.) 

Danthonia  sbbicea.    (Silky -flowered.  Oat  grass.) 

A  perennial  grass,  2  to  3  feet  high,  growing  in  open,  sandy  woods, 
with  numerous  long,  slender,  radical  leaves,  and  three  or  four  similar 
ones  on  the  stem,  the  sheaths  soft,  hairy  the  ligule  a  mere  hairy  fringe; 
calms  smooth,  flexible;  panicle  loose  and  rather  contracted,  3  to  4 
inches  long,  and  1  or  2  inches  wide ;  the  branches  single  at  the  joints, 
and  subdivided  from  the  lower  third  into  a  few  branchlets,  each  with 
one  to  three  spikelets.  The  spikelets  are  about  seven-flowered,  the 
flowers  closely  packed  and  silky  hairy ;  the  outer  glumes  are  smooth, 
half  an  inch  or  more  in  length,  longer  than  all  the  flowers  in  the  spike- 
let,  linear-lanceolate,  the  lower  one  two-nerved  and  the  upper  one 
three-nerved.  The  flowering  glumas  are  about  three  lines  long,  five  to 
seven  n&rved,  the  awl-pointed  teeth  very  slender  and  nearly  as  long  as 
the  rest  of  the  glume,  with  the  middle  awn  six  or  seven  lines  long, 
spai'sely  hairy  on  the  back,  and  copiously  white  silky  on  the  margins 
below.  This  species  appears  to  be  confined  to  the  Atlantic  States.  Its 
value  has  not  been  tested.    (Plate  73.) 

Danthonia  Califoenica.    (The  California  Oat  grass.) 

A  perennial  grass  of  California,  Oregon,  the  Rocky  Mountains,  and 
Manitoba;  not  very  common,  variable  in  height,  usually  1  to  2  feet,  with 
narrow,  convolute  and  long-pointed  root-leaves,  those  of  the  culm  some- 
what wider,  3  or  4  inches  long,  the  lower  sheaths  hairy,  especially  at  the 
throat.  The  panicle  usually  consists  of  three  to  five  spreading  branches, 
each  of  which  is  terminated  by  a  single  spikelet.  The  spikelets  are  five 
to  seven  flowered,  widening  upwards.  The  outer  glumes  are  about 
three-quarters  of  an  inch  long,  linear-lanceolate,  acute,  five  to  seven 
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nerved,  and  purplish.  The  flowers  are  somewhat  crowded  on  the  axni 
The  flowering  glumes  are  broad,  obscurely  nine-nerved,  smooth  on  tJift. 
back,  tbe  margins  below  fringed  with  long,  silky  hairs,  the  nam>v, 
stiff,  awned -teeth  about  half  as  long  as  the  glumes  (four  or  five  lines). 
This  is  a  somewhat  ornamental  grass,  but  probably  not  of  much  agri- 
cultural value.    (Plate  74.) 

Cynodon  dactylon.    (Bermuda  grass.) 

A  low,  creeping  perennial  grass,  with  abundant  short  leaves  at  the 
base,  sending  up  slender,  nearly  leafless  flower  stalks  or  culms,  wfaidi 
have  three  to  Ave  slender,  diverging  spikes  at  the  summit.    The  spika- 
lets  are  sessile  in  two  rows  on  one  side  of  the  slend^  spikes;  they  each 
have  one  flower  with  a  short  pediceled,  naked  rudiment  of  a  second 
flower;  the  outer  glumes  nearly  equal,  keeled ;  the  flowering  glume  boat* 
shaped,  broader  and  prominently  keeled ;  the  palet  narrow  and  two- 
keeled.    This  grass  is  a  native  of  Southern  Europe  and  of  all  tropical ' 
countries.     It  is  a  common  pasture  grass  in  the  West  Indies.    In  the  | 
Southern  States  it  has  long  been  a  chief  reliance  for  pasture,  has  beea  [ 
extravagantly  praised  by  some  and  cursed  by  others  who  find  it  dill- 
cult  to  eradicate  when  once  established.   Its  properties  have  been  very  < 
fully  discussed  in  Southern  journals.    It  rarely  ripens  any  seed,  and  the  i 
usual  methods  of  reproducing  is  to  chop  up  the  roots  with  a  catting '| 
knife,  sow  them  broadcast,  and  plow  under  shallow. 

Col.  T.  C.  Howard,  of  Georgia,  says : 

The  desideratum  to  tbe  South  is  a  grass  that  is  perenoial,  nutritiouSi  and  adaptei . 
to  the  climate.    While  we  have  grasses  and  forage  plants  that  do  well  when  nnrKd, . 
we  have  few  that  live  and  thrive  here  as  in  their  native  habitat.    The  Bennada  aid 
crab  grasses  are  at  home  in  the  South.    They  not  only  live,  but  live  in  spite  of  neg- 
lect,  and  when  pitted  and  encouraged  they  make  such  grateful  returns  as  astoniah ' 
the  benefactor. 

Professor  Killebrew,  of  Tennessee,  says : 

In  Lonisianai  Texas,  and  the  South  generally  it  is  and  has  been  the  chief  reliance  , 
for  pasture  for  a  long  time,  and  the  immense  herds  of  cattle  on  the  southern  praiiiM  ; 
subsist  principally  on  this  food.    It  revels  in  sandy  soils,  and  has  been  grown  ex*  ! 
tensively  on  the  sandy  hills  of  Virginia  and  North  and  South  Carolina.     It  is  used -I 
extensively  on  the  southern  rivers  to  hold  the  levees  and  embankments  of  the  roads. 
It  will  throw  its  runners  over  a  rock  6  feet  across  and  soon  hide  it  from  view,  or  it 
will  run  down  the  sides  of  the  deepest  gully  and  slop  its  washing.     Hogs  thrive  npon 
its  succulent  roots,  and  horses  and  cattle  upon  its  foliage.    It  has  the  capacity  to  \ 
withstand  any  amount  of  heat  and  drought,  and  months  that  are  so  dry  as  to  clie«k 
the  growth  of  blue  grass  will  only  make  the  Burmuda  green  and  the  more  thrifty. 

Professor  Phares,  of  Mississippi,  says  : 

As  a  permanent  pasture  grass,  I  know  of  no  other  that  I  consider  so  valuable  as  this,  ' 
after  having  transferred  it  from  near  the  mouth  of  the  Red  River  to  my  present  re- 
sidence thirty-five  years  ago,  and  having  studied  it  on  hundreds  of  other  farms,  oom- 
mons,  and  levees  for  a  longer  period.    To  make  good  hay  and  the  largest  yield,  thia 
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Harass  must  be  mowed  from  three  to  five  times  every  summer.  Thus  briers,  broom 
gtuBSf  and  other  weeds  are  repressed  and  prevented  from  seeding,  multiplying,  and 
ruining  the  meadow. 

Bespecting  the  difficulty  of  eradicating  this  grass  from  ground  wanted 
for  other  cultivation,  Colonel  Lane,  of  Georgia,  says  : 

Upon  oar  ordinary  upland  I  have  found  ho  diflioulty  in  destroying  it  by  close  cul- 
tivation in  cotton  for  two  years.  It  requires  a  few  extra  plowings  to  get  the  sod  thor- 
oui;hly  broken  to  pieces. 

(Plate  75.) 

Chl^ris  alba. 

An  annual  grass,  growing  in  tufts,  1  to  3  feet  high,  sinoi'th,  the  culms 
freqaentlybranched  and  bent  at  the  lower  joints,  decumbent,  becom- 
ing erect;  leaves  numerous,  smooth,  the  sheaths  mostly  loose,  the  blade 
broad,  the  upper  sheath  dilated  and  at  hrst  inclosing  the  flower  spikes, 
which  are  eight  to  fifteen  in  number,  2  to  3  inches  long,  and  umbellate 
or  fasciculate  at  the  top  of  the  culm  or  of  the  lateral  branches.  The 
8pikelets  are  sessile  and  crowded  in  two  rows  on  one  side  of  the  spikes ; 
each  spikelet  contains  one  perfect  and  one  or  two  imperfect  or  ludi- 
meutary  flowers;  the  outer  glumes  are  unequal,  thin,  keeled,  the  upper 
one  mucronate-pointed,  and  about  one  and  one-half  lines  long,  the  lower 
one  one- third  shorter ;  the  flowering  glume  of  the  lower  or  perfect  flower 
is  thick  aad  Arm  in  texture,  nearly  one  and  one-half  lines  long,  broad  in 
the  middle  and  narrowed  above  and  below,  much  compressed,  Ave  nerved, 
with  two  short  teeth  at  the  apex,  and  a  straight  awn  two  or  three  lines 
long  between  the  teeth,  the  margins  toward  the  top  strongly  ciliate  with 
long  white  hairs;  the  palet  is  of  similar  texture,  narrow,  and  nearly  as 
long  as  its  glume ;  the  neutral  or  upper  flower  is  shorter,  truncate  above, 
of  a  club-like  appearance,  smooth,  tipped  with  an  awn.  Sometimes 
there  is  another  small  imperfect  flower  or  a  pedicel  above  the  second, 
and  enwrapped  by  it. 

This  is  B  common  grass  in  the  arid  regions  of  New  Mexico,  Arizona, 
and  farther  south  and  west.  This  grass  furnishes  a  large  quantity  of 
foliage,  but  of  its  agricultural  value  we  have  no  information.  There 
are  several  other  species  growing  in  the  same  region.     (Plate  76.) 

BouxELOUA.    (Mesquite  grass.) 

This  genus,  of  which  there  are  many  species,  has  generally  numerous 
spikes  in  a  racemose  one-sided  panicle.  The  spikes  are  generally 
densely  flowered  and  from  one-half  to  IJ  inches  long.  The  spikelets  are 
crowded  in  two  rows  on  one  side  of  the  axis,  each  consisting  of  one  per- 
fect flower,  and  a  stalked  pedicel  bearing  empty  glumes  and  one  to  three 
stiff  awns;  the  outer  glumes  are  unequal,  acute,  keeled,  membranaceous; 
the  flowering  glume  broader  and  usually  thicker,  with  three  to  Ave  lobes, 
teeth  or  awns  at  the  apex ;  palet  hyaline,  narrow,  entire  or  two-toothed, 
enfolded  by  its  glume. 
2218  OE 6 
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BouTELOUA  OLIGOSTAGHTA.    (Mesquite  grass,  Gramma  grass,  Bufalo 

grass.) 

This  is  a  perennial  species  growing  on  the  great  plains  from  Montana 
and  Dakota  southward  to  Texas.  The  culms  are  from  one-half  to  l^feei 
high.  Xear  the  top  there  are  usually  two  or  three,  sometimes  more, 
curved  flowering  spikes,  about  1^  inches  long ;  the  culm  and  leaves  are 
smooth ;  the  out^r  glumes  and  the  flowering  glumes  are  sparingly  soft- 
hairy,  the  lobes  awl  pointed,  the  sterile  flower  or  rudiment  is  copiousk 
villous- tufted  at  the  summit  of  the  naked  pedicel,  its  three  awns  equal- 
ing the  perfect  flower.     (Plate  77.) 

BouTELOUA  HiRSUTA.    (Bristly  mesquite  or  Gramma  grass.) 

This  annual  or  biennial  species  has  about  the  same  range  as  the  pre- 
ceding, is  of  about  the  same  size  and  general  appearance.  The  upper 
empty  glume  is  on  the  back  hispid  with  bristly  hairs  proceeding  from 
dark,  warty  glands ;  the  flowering  glume  is  pubescent,  three-cleft  into 
awl-pointed  lobes ;  the  sterile  flower  and  its  pedicel  are  glabrous,  the 
three  sterile  awns  longer  than  the  fertile  flower. 

BouTELOUA  POLYSTACHYA.    (Low  Gramma  grass.) 

This  species  probably  does  not  reach  farther  north  than  northern  Nev 
Mexico.  It  is  an  annual  from  6  to  10  inches  high  growing  in  clum[>s ;  the 
culms  are  slender,  branching  and  bent  at  the  lower  joints.  The  culm 
terminates  in  a  raceme-like  panicle,  3  to  G  inches  long,  composed  of  five 
to  seven  alternate,  narrow,  one-sided  spikes,  which  are  about  1  inch  long 
and  one-half  inch  to  1  inch  apart.  The  spikelets  are  generally  close  bnt 
not  so  dense  as  in  the  preceding,  and  much  smaller ;  the  outer  glumes 
are  thin,  unequal,  oblong,  the  upper  one  about  one  line  long,  bifid  and 
mucronate  pointed;  the  flowering  glume  of  the  perfect  flower  is  oblong, 
obtuse,  three-nerved,  the  nerves  extended  beyond  the  glumes  into  short 
awns,  with  two  broad  lobes,  one  on  each  side  of  the  central  awn,  and 
two  shall  lateral  Ibbes,  one  on  the  outer  side  of  each  lateral  awn,  the 
outer  margins  ciliate.  The  rudimentary  flower  is  very  short  stalked, 
with  three  small  glume-like  scales  and  three  short  awns.  There  are 
several  varieties  or  forms  of  this  species,  some  smaller  and  some  larger. 
It  abounds  near  the  banks  of  streams  and  furnishes  excellent  pasturage. 
(Plate  78.) 

BouTELOUA  RAGEMOSA,    {B.  curtipendulaj  Gray).     (Tall    Gramma 

grass.) 

This  species  ranges  from  Mexico  to  British  America,  and  ea^t  of  the 
Mississippi  Biver  in  Wisconsin  and  Illinois.  It  is  easily  distinguished 
from  the  others  by  its  taller  growth,  and  by  the  long,  slender  raceme  of 
twenty  to  flfty  or  more  slender  spikes.  These  are  usually  about  half  an 
inch  long  and  reflexed.  There  are  from  six  to  ten  spikelets  on  each 
spike.  The  outer  glumes  are  lanceolate,  acuminate;  the  upper  about 
two  lines  long  and  scabrous ;  the  flowering  glume  is  oblong,  bet]¥eea 
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two  to  three  lines  long,  with  three  short  awl-pointed  teeth  at  the  apex ; 
the  palet  is  nearly  of  equal  lenp^th ;  the  sterile  flower  is  reduced  to  one 
or  two  minute  scales  with  three  short  awns,  or  to  a  single  small  awn. 

The  most  useful  of  the  gramma  grasses  is,  probably,  the  Boutsloua 
oligostaehyaj  but  the  others  aid  in  furnishing  the  supply  of  food  for  the 
thousands  of  animals  which  are  fattened  on  the  great  plains.  It  is 
doubtful  if  these  grasses  would  bear  the  effect  of  continued  tramping 
and  dose  cropping  if  the  lands  were  inclosed  and  pastured. 

Eleusine  Indica.    (Yard  grass,  Crow- foot.  Grab  grass,  Wire  grass.) 

An  annual  grass  belonging  to  tropical  countries,  but  now  naturalized 
in  most  temperate  climates.  In  the  Southern  States  it  is  found  in  every 
door-yard  and  in  all  waste  places.  The  culms  are  from  1  to  3  feet  high, 
usually  coarse  and  thick,  and  very  leafy,  especially  below.  The  leaves 
are  long  and  rather  wide.  At  the  top  of  the  culm  there  are  two  to  five 
or  more  thickish,  densely-flowered  spikes  proceeding  from  a  common 
point,  with  sometimes  one  or  two  scattering  ones  lower  down  on  the 
culm.  The  spikelets  are  sessile  and  crowded  along  one  side  of  the  axis, 
each  being  from  two  to  six  flowered,  the  upper  flower  imperfect  or  ru- 
dimentary ;  the  outer  glumes  are  membranaceous,  shorter  than  the 
flowers,  the  flowering  glumes  usually  obtuse;  the  palet  folded  and  two- 
keeled. 

Professor  Phares,  of  Mississippi,  says : 

The  clumps  have  many  long  leaves  and  stems,  rising  1  or  2  feet  high,  and  many 
long,  strong,  deeply  penetrating  fibrous  roots.  It  grows  readily  in  door-yards,  barn- 
yards, and  rich  cultivated  grounds,  and  produces  an  immense  quantity  of  seeds.  It 
is  a  very  natritioas  grass,  and  good  for  grazing,  soiliug,  and  hay.  The  succulent 
lower  part  of  the  stems,  .covered  with  the  sheaths  of  the  leaves,  renders  it  difficult  to 
euro  well,  for  which  several  days  are  required.  It  may  be  cut  two  or  three  times, 
and  yields  a  large  quantity  of  hay. 

(Plate  79.) 

Leptochloa  mucbonata.    (Feather  grass.  Slender  grass.) 

An  annual  grass,  growing  from  2  to  3  feet  high,  the  flowers  arranged 
in  a  long  panicled,  loose  raceme.  The  branches  or  spikes  are  very 
slender,  1  to  5  inches  long,  and  very  numerous,  thirty  to  fifty  or  more, 
with  the  spikelets  sessile  and  continuous  in  two  rows  along  one  side 
of  the  spikes.  The  spikelets  are  abolit  one  line  long,  three-flowered, 
the  uppermost  flower  imperfect.  The  outer  glumes  are  lanceolate, 
acute  keeled,  and  nearly  as  long  as  the  spikelet ;  the  flowering  glumes 
are  obtuse  or  sometimes  slightly  mucronate,  one-half  line  long,  keeled, 
and  with  strong,  somewhat  pubescent,  lateral  nerves. 

This  is  a  handsome  grass  when  full  grown,  the  panicles  on  thrifty 
specimens  becoming  2  feet  long,  the  slender  branches  arranged  along 
the  main  stem  in  a  feather-like  manner,  hence  the  name.  It  grows 
from  Virginia,  west  and  south,  becoming  quite  common  in  the  South- 
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em  States.    It  afibrds  a  small  amount  of  grazing  daring  the  summer. 
Professor  Phares  says : 

Its  growth  is  very  rapid,  althoiii^U  it  Las  little  root  aud  is  easily  uprooted.  Al- 
though it  contains  a  good  percentage  of  uatritious  matter,  it  is  of  little  agricnltural 
value.  Its  assurgent  leaves  aud  stems  aud  immensely  large  panicles  occupy  so  uacih 
space  that  a  comparatively  small  number  of  plants  would  occupy  an  acre  of  ground, 
while  it  has  so  little  weight  that  the  product  of  several  acres  of  the  fln^t  growth  of 
it  would  be  required  to  produce  a  single  ton  of  hay. 

(Plate  80.) 

BucHLolt  DACTYLOiDES.    (Buffalo  grass,  False  Mesquite  grass.) 

This  grass  is  extensively  spread  over  all  the  region  known  as  the  great 
plains.  It  is  very  low,  the  bulk  of  leaves  seldom  rising  more  than  3  or  4 
inches  above  the  ground,  growing  in  extensive  tufts  or  patches,  and 
spreading  largely  by  means  of  stolons  or  offshoots  similar  to  those  of 
Bermuda  grass,  these  stolons  being  sometimes  2  feet  long,  aud  with 
joints  every  3  or  4  inches,  frequently  rooting  and  sending  up  flowering 
culms  from  the  joints.  The  leaves  of  the  radical  tufts  ai^  3  to  5  inches 
long,  one  or  one-half  line  wide,  smooth,  or  edged  with  a  few  scattering 
hairs.  The  tiowering  culms  are  chiefly  dioecious,  but  sometimes  botii 
male  and  female  flowers  are  fount!  on  the  same  plant  but  in  separate 
parts.  The  flowering  stems  of  the  male  plant  are  4  to  8  inches  high, 
bearing  three  or  four  slender  leaves,  and  at  the  summit  two  to  fonr 
short  contiguous  spikes,  which  are  about  half  an  inch  long.  These 
spikes  consist  usually  of  five  to  six  sessile  spikelets,  alternate,  in  two 
rows,  on  the  lower  side  of  the  flattened,  scabrous  axis.  The  spikelets 
are  two  to  three  lines  long  and  mostly  two-flowered.  The  outer  glumes 
are  unequal  and  one-nerved,  the  lower  one  half  as  long  as  the  flower 
above  it,  the  upper  one  shorter.  The  flowering  glumes  and  palets  are 
of  equal  length,  membranaceous,  the  flowering  glume  three-iierved,  the 
palet  two-nerved.  The  flowering  stalk  of  the  female  plant  is  shorter 
than  the  leaves,  1  ^o  2  or  sometimes  3  or  4  inches  high,  sometimee 
almost  concealed  among  the  leaves  at  the  joints  of  the  stolons.  The 
sheaths  of  the  two  or  three  uppermost  leaves  of  the  culm  are  dilated 
and  inclose  the  spikes  or  clusters  of  flowers.  Of  these  spikes  there  ans 
two  or  three,  each  consisting  of  three  to  five  spikelets.  The  spikeleti 
are  single-flowered  and  of  a  somewhat  complex  structure,  the  x>aiti 
analagous  to  those  of  the  male  flowers,  but  thickened,  indurated,  and 
modified.  All  the  upper  glumes  are  indurated  and  united  at  their  baseii 
with  the  thickened  axis,  the  lower  glume  of  the  lowest  spikelet  being 
lanceolate,  with  an  herbaceous  tip  or  two  to  three  cleft,  thickeued  awl 
united  to  the  upper  glume,  the  lower  glume  of  the  other  spikelets  free^ 
much  smaller,  ovate-lanceolate,  acute,  aud  one-nerved,  the  flowering 
glume  shorter,  three-nerved,  aud  three-toothed  at  the  summit 

It  is  hai^ly  necessary  to  recapitulate  the  virtues  of  this  widely  cde- 
brated  grass.  It  plays  an  important  part  in  the  feeding  and  fattening 
of  the  vast  herds  of  cattle,  which  have  now  mostly  displaced  the  buffalo^ 
whose  favorite  food  it  was  supposed  to  be. 
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Prof.  S.  B.  Buckley,  of  Austiu,  Tex.,  says : 

This  is  on©  of  the.  best  graHses  of  Texas  for  pasturage,  if  not  the  very  best;  being 
perennial  it  affonls  food  for  stock  both  summer  and  winter.  Even  in  midwinter  it 
prt*8Pnt8  a  green  covering  over  many  hills  and  prairies  in  this  vicinity.  It  is  also  the 
best  grass  for  lawns  indigenous  to  Texas.  It  thrives  on  every  variety  of  soil,  gr(»w- 
iDg  on  XK>or  gravelly  uplands,  and  also  in  rich  river  bottoms,  but  it  mostly  abounds 
OD  the  prairies,  among  the  mesquite  trees  scattered  over  their  surface,  throughout  a 
lar^e  portion  of  our  State,  whence  it  is  commonly  called  mesquite  grass  in  Texas. 
This  name,  however,  is  given  to  two  or  three  other  species  of  grass  which  are  asso- 
ciated with  it.  It  is  not  difficult  to  eradiate,  nor  is  it  ever  troublesome  in  cultivated 
lields,  because  it  has  so  few  seeds.  All  kinds  of  stock  are  extremely  fond  of  it,  from 
"which  we  infer  that  it  is  very  sweet  and  nutritou.s.  In  extreme  ilroughts  all  the 
grasses  seem  dead,  but  a  rain  will  make  this  grass  green  and  growing  in  a  few  hours. 
Even  when  dry,  weather-beaten,  and  seemingly  dead  it  is  still  good  food  for  stock. 

Whether  this  grass  can  be  successfully  subjected  to  cultivation  re- 
mains to  be  seen.    (Plato  81.) 

Triodia.     ( Tricuspis, ) 

This  genus,  which  contains  numerous  speciesof  very  diflferent  size  and 
aspect,  is  characterized  as  follows:  Spikelets,  several  to  many-tiowered, 
sorac  of  the  upper  ones  male  or  imperfect :  the  outer  glumes  keeled,  acute, 
or  acntish,  awnless ;  the  flowering  glumes  imbricated,  rounded  ou  the 
back,  at  least  below,  three-nerved,  the  marginal  nerves  usually  hairy, 
mucroDate,  three-toothed  or  three-lobed  at  the  apex,  or  obscurely"  erose, 
often  hardened  and  nerveless  in  fruit ;  the  palet  broad,  prominently 
two- keeled. 

Triodia  seslerioidbs.    [Tricuspis  seilertoides.)    (Tall  Eed  top.) 

This  grass  grows  from  3  to  5  feet  high.  The  culms  are  very  smooth ; 
the  leaves  are  long  and  dat,  the  lower  sheaths  hairy  or  smoothish.  The 
panicle  is  large  and  loose,  at  first  erect,  but  finally  spreading  widely. 
The  branches  are  single  or  in  twos  or  threes  below,  and  frequently  6 
inches  long,  divided,  and  flower-bearing  above  the  middle.  The  spikelets 
are  on  short  pedicels,  three  to  four  lines  long,  and  five  or  six  flowered. 
The  outer  glumes  are  shorter  than  the  flowers,  unequal  and  pointed; 
the  flowering  glumes  are  hairy  toward  the  base,  having  three  strong 
nerves,  which  are  extended  into  short  teeth  at  the  summit.  It  is  a  large 
and  showy  grass  when  fully  matured,  the  panicles  being  large,  spread- 
ing, and  of  a  purplish  color.  It  grows  in  sandy  flelds,  and  on  dry  sterile 
banks,  from  New  York  to  South  Carolina,  and  westward.  This  is  eaten 
by  cattle  when  it  is  young,  but  the  culms  are  rather  harsh  and  wiry  and 
not  relished  by  them.  It  is,  however,  cut  for  hay  where  it  naturally 
abounds.     (Plate  82.) 

Triodia  trinebviolumis.    (Triempia  trinerviglumis,) 

Another  perennial  species  of  this  genus,  growing  in  Colorado,  Ar- 
kansas, Texas,  New  Mexico,  and  southward.  The  culms  are  2  to  3  feet 
high,  and  rather  stout;  the  radical  leaves  are  somewhat  rigid,  6  to  12 
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inches  long,  narrow,  acaininate-pointed,  ^uclined  to  be  involute,  the 
sheaths  more  or  less  hairy.  The  smooth  culm  has  three  or  four  leaves, 
which  are  4  to  8  inches  long,  and  slender-pointed.  The  panicle  is  nar- 
row and  spike-like,  6  to  9  inches  long,  composed  of  five  or  six  altematei 
somewhat  distant,  and  closely  erect  branches,  the  lower  ones  1  to  2  inches 
long,  and  consisting  of  six  to  ten  sessile,  alternate  spikelets,  each  of 
which  are  eight  to  ten  flowered,  and  four  to  six  lines  long.  The  outer 
glumes  are  lanceolate,  acute,  smooth,  nearly  equal ^  somewhat  faintly 
three-nerved,  and  three  to  five  lines  long ;  the  flowering  glumes  are 
oblong,  three-nerved,  two  to  three  lines  long,  entire  or  obscurely  dentie- 
ulate  at  the  apex,  acute  or  obtusish,  the  nerves  and  margins  deuselj 
hairy  for  about  two-thirds  the  length,  also  the  base  and  axis  hairy.  The 
palet  is  one-third  shorter,  two-keeled,  minutely  toothed  at  the  apex, 
hairy  on  the  keels  below. 
Little  is  known  of  its  abundance  or  agricultural  value.     (Plate  83.) 

Triodia  stricta  is  another  species  of  Texas  and  the  Southwest,  much 
larger,  stouter,  and  more  rigid  than  the  preceding. 

Tbiodia  ACUMINATA.    (Tricuspis acuminata.) 

A  low  species,  growing  in  tufts,  from  6  to  12  inches  high,  the  leaves 
short  and  narrow,  but  abundant  near  the  ground ;  the  culms  are  erect, 
slender,  with  one  or  two  short  leaves,  and  terminated  by  an  oblong, 
spike-like  panicle  about  an  inch  long,  composed  of  a  few  crowded  f«es- 
sile  or  nearly  sessile  branches,  each  with  one  to  three  spikelets.    The  ; 
spikelets  each  contain  eight  or  ten  crowded  flowers.    The  outer  glumes  ! 
are  nearly  equal,  lanceolate,  acute,  chartaceous,  one-nerved,  about  three 
lines  .long ;  the  flowering  glumes  are  about  three  lines  long,  lanceolate  I 
or  ovate-lanceolate,  acute,  three-nerved,  the  mid-nerve  extended  into  a  I 
short  stifl'  awn,  the  margins  fringed  with  long  white  hairs,  and  the  back  | 
below,  with  the  axis,  hairy.    The  palet  is  about  one-third  shorter  than  \ 
its  glume,  folded  back  on  the  two  keels,  sparingly  hairy,  and  the  keels  ^ 
scabrous  pubescent.     This  is  a  native  of  the  arid  regions  of  Texas,  New 
Mexico,  and  south  westward.     (Plate  84.) 

Tbiplasis  PURPUREA.     {Tricusp IS  purpurea,)     (Sand  grass.) 

An  annual  grass,  growing  in  tufts  in  sandy  soil  along  the  Atlaotie 
coast,  and  also  in  sandy  districts  in  the  interior.  The  culms  are  about 
Ifoot  high,  rather  decumbent  at  the  base,  with  eight  to  ten  shoii:  joints, 
and  an  equal  number  of  narrow,  awl-shaped  leaves,  2  to  3  inches  long, 
which  are  bearded  with  hairs  at  the  top  of  the  sheaths.  There  areasn* 
ally  several  lateral  panicles  of  flowers  as  well  as  a  terminal  one.  The 
lateral  ones  are  inclosed  within  the  sheaths ;  the  terminal  one  usually 
exerted,  but  short  and  simple.  The  spikelets  are  two  to  five  flowered; 
the  glumes  much  shorter  than  the  spikelet;  the  flowers  rather  distant 
from  each  other;  the  flowering  glumes  and  palets  strongly  fiinged  on 
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the  uerves ;  the  flowering  glumes  two-lobed  or  twoeleft  at  the  summit, 
with  the  mid-uerve  extended  into  a  short  awn  between  the  lobes.  This 
grass  has  very  little  practical  value. 

I>IPLACHNE.    {Leptodhloa.) 

This  genus  is  characterized  as  having  the  spikelets  narrow,  sessile, 
or  nearly  so,  on  the  long  slender  branches  of  the  panicle,  usually  in  two 
rows,  but  not  continuous  as  in  Leptochloaj  the  outer  glumes  keeled 9 
acute,  but  not  awned ;  the  flowering  glumes  one  to  three  nerved,  with  a 
thin  or  hyaline,  shortly  two-toothed  or  two-lobed  apex,  the  keel  pro- 
duced into  a  short  point  or  awn  between  the  lobes }  palet  thin  and 
prominently  two-nerved. 

DiPLACHNE  FASOicuLARis.    {Leptochloa  foscicularis.)    (Spike  grass.) 

An  annual  grass  of  vigorous  growth,  2  to  3  feet  high,  growing  in  brack' 
ish  marshes  or  wet  ground  near  the  seacoast,  and,  also,  far  inland  in 
the  Mississippi  Valley,  Texas,  Arizona,  &c.,  in  alkaline  soil.  The  radical 
leaves  are  narrow  and  half  to  two-thirds  as  long  as  the  culms,  rough  on 
the  margin ;  those  of  the  culms  similar,  with  long,  smooth,  loose  sheaths, 
the  upper  one  usually  inclosing  the  base  of  the  panicle.  The  culms  are 
frequently  branched  at  the  lower  joints.  The  panicle  is  large,  6  to  10 
inches  long,  consisting  of  numerous  (fifteen  to  thirty)  spike-like  branches j 
which  are  2  to  4  inches  long,  mostly  alternate,  sometimes  fascicled  be- 
low, angular  and  rough,  and  flower-bearing  throughout.  The  spikelets 
are  nearly  sessile  and  alternate,  usually  somewhat  longer  than  the  space 
between  them ;  each  contains  five  to  seven  flowers ;  the  outer  glumes 
are  unequal,  smooth, one-nerved,  and  mucronatepointed ;  the  flowering 
are  ovate-lanceolate,  about  one  and  a  half  lines  long,  flattish  on  the  back, 
three-nerved,  pubescent  on  the  nerves  and  margins  below,  shortly  two- 
toothed  at  the  apex,  with  a  short  rough  awn  between  the  teeth ;  the 
palet  is  somewhat  shorter,  lanceolate,  two-nerved,  and  ciliate  on  the 
nerves.    (Plate  85.) 

DiPLACHNE  DUBIA.    (Leptochloa  duhia.) 

A  grass  of  similar  aspect  to  the  preceding ;  the  leaves  somewhat  longer 
and  more  rigid;  the  panicle  rather  shorter,  and  composed  of  six  to  twelve 
branches,  which  are  stouter  and  more  spreading.  The  outer  glumes  are 
lanceolate,  nearly  equal,  acute,  one-nerved,  rough  on  the  keel,  about  one 
and  one-half  lines  long;  the  flowering  glumes  are  oblong,  very  obtuse,  two- 
lobed  and  somewhat  fringe-toothed  at  the  apex,  three  nerved,  smooth 
except  on  the  margins,  awuless ;  the  palet  is  as  long  as  its  glume,  nar- 
rower, two-nerved,  and  ciliate  on  the  nerves.  The  spikelets  in  age  be- 
come spreading,  and  the  axis  zigzag.  It  is  of  more  southern  range  than 
he  preceding,  occurring  in  the  Gulf  States  and  southwestward.  (Plate 
86.) 
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Phragmites  communis.    (Reed  grass.) 

A  tall,  coarse,  perenuial  grass,  growing  ou  the  borders  of  ponds  and 
streams,  almost  rivaling  sorghum  iu  luxuriance.    It  attains  a  height  of  | 
6  to  10  feet;  the  culms  sometimes  an  inch  in  diameter,  and  leaves  an  inch 
or  two  in  width.    The  panicle  is  from  9  to  15  inches  long,  loose  bnt  noc 
much  spreading,  of  an  oblong  or  lanceolate  form  and  slightly  nodding. 
The  branches  are  very  nun)erous,  irregularly  whorled,  4  to  8  inches  long, 
much  subdivided,  and  profusely  flowering.    The  larger  panicles  form 
very  ornamental  plumes,  almost  equal  to  those  of  Arundo  donax,  so 
much  cultivated  for  ornamental  purposes.    The  spikelets  are  three  to 
seven  flowered,  all  the  flowers  except  the  lowest  surrounded  by  long 
silky  hairs  at  the  base  ;  the  lowest  one  is  either  empty  or  contains  only 
stamens.    The  lower  or  empty  glumes  ai^e  thin,  lanceolate,  keeled,  and 
unequal  in  size,  the  upper  one  being  considerably  the  longer.    The  flow- 
ering glumes  are  membranaceous,  narrowly  awl  shaped,  and  about  as  long 
as  the  silky  hairs.    The  palets  ar^  thin  and  only  half  to  one-third  as 
long  as  their  glumes. 

This  grass  is  widely  distributed  iu  different  parts  of  the  globe,  and  in 
some  countries  is  put  to  several  uses,  as  for  thatching,  for  which  it  is 
said  to  be  valuable..  It  is  also  sometimes  used  for  making  light  reed 
fences  and  screens.  Its  leaves  are  too  coarse  and  innutritions  for  fod- 
der except  when  very  young. 

Professor  Scribuer  saw  in  Montana  prostrate  stems  of  this  grass  whicli 
were  28  feet  long,  and  some  of  the  upright  culms  were  10  to  14  feet  high. 
(Plate  87.) 

Kgeleria  cristata.    (Crested  Kceleria.) 

This  grass  has  a  very  wide  diffusion  both  in  this  country  and  in  Europe 
and  Asia.  It  favors  dry  hills  or  sandy  prairies,  and  on  the  greal 
plains  is  one  of  the  commonest  species.  It  occurs  throughout  Califo^ 
nia  and  into  Oregon.  It  varies  much  in  appearance  according  to  the 
location  in  which  it  grows,  these  variations  being  so  striking  that  they 
have  been  considered  different  species,  and  perhaps  two  species  ought 
to  be  admitted.  It  is  perennial,  with  erect  culms  usually  from  1  to  2 
feet  high,  and  a  spike-like  panicle  varying  from  3  to  6  inches  in  len§rtb 
and  more  or  less  interrupted  or  lobed  at  the  lower  part.  When  gibwn 
in  very  arid  places  the  culms  may  be  only  a  foot  high,  the  radical  leaves 
short,  and  the  panicle  only  2  inches  long.  When  grown  in  moi*e  favored 
situations  the  radical  leaves  are  18  inches  long,  the  stem  3  feet,  and 
the  panicle  6  inches  long.  The  branches  of  the  panicle  are,  in  short, 
nearly  sessile  clusters,  crowded  above,  looser  and  interrupted  below. 
The  spikelets  are  from  two  to  four  flowered.  The  outer  glumes  are  a 
little  shorter  than  the  spikelets,  lanceolate,  acute,  compressed.  The 
flowering  glumes  are  similar,  membranaceous,  acute,  or  mncronate. 
The  palet  is  of  nearly  equal  length,  thinner  and  two-toothed  at  the  apex. 
The  flowers,  panicle,  culm,  and  leaves  are  usually  more  or  less  softij 
hairy.    It  is  readily  eaten  by  cattle.    (Plate  88.) 
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Eragrobtis. 

Of  this  genus  we  have  abou  t  twenty  species  in  the  United  States.  It  is 
eharacterized  as  follows :  Spikelets  numerous,  usually  in  a  loose^  some- 
times spreading  and  diffase,  panicle  ;  commonly  many  flowered  (rarely 
two  or  three  only),  sessile  or  pediceled,  usually  glabrous;  the  outer 
glomes  are  unequal  and  rather  shoi'ter  than  the  flowering  ones,  keeled 
and  mostly  one-nerved ;  the  flowering  glumes  are  membranaceous,  acute 
or  obtuse,  uuawned,  but  rarely  mucronate  jjointed,  three-nerved,  the 
keel  prominent,  the  lateral  nerves  sometimes  very  faint;  the  palet 
shorter  than  its  glume,  with  two  prominent  nerves  or  keels,  often  per- 
fflsting  after  the  glume  and  grain  have  fallen  away. 

Ebagrostis    po^oides    var.    megastaohya.     (Pungent   meadow 

grass.) 

This  is  a  foreign  gi-ass  which  has  become  extensively  naturalized,  not 
only  in  the  older  States  but  in  many  places  in  the  western  and  south- 
western Territories.  It  is  found  in  waste  and  cultivated  grounds  and 
on  roadsides,  growing  in  thick  tufts,  which  spread  out  over  the  ground 
by  means  of  the  geniculate  and  decumbent  culms.  The  culms  are  from 
Ito  2  feet  long,  the  lower  joints  bent  and  giving  rise  to  long  branches* 
The  sheaths  are  shorter  than  the  internodes,  the  leaves  from  3  to  6  inches 
long.  The  panicle  is  frequently  4  or  5  inches  long,  oblong  or  pyramidal, 
somewhat  open,  but  full-flowered ;  the  branches  irregularly  single  or  in 
pairs,  branched  and  flowering  nearly  to  the  base.  The  spikelets  are  ob- 
long or  lanceolate  one-fourth  to  one-half  inch  long,  and  ten  to  twenty 
flowered  when  well  developed.  The  empty  glumes  are  smaller  than  the 
flowering  ones,  rough  on  the  keel,  acutish.  The  flowering  glumes  are 
one  line  long,  ovate,  rather  obtuse,  and  strongly  three-nerved.  The 
palets  are  shorter  than  their  glumes,  narrow,  the  sides  reflexed  and  the 
margin  ciliate.  This  grass  is  said  to  have  a  disagreeable  odor  when 
fresh.  It  produces  an  abundance  of  foliage,  and  is  apparently  an  an- 
nual, reaching  maturity  late  in  the  season.  We  are  not  aware  that  its 
agricultural  value  has  been  tested.     (Plate  89.) 

Ebagrostis  purshii. 

This  is  a  native  grass,  very  widely  dift'used  over  the  United  States, 
and  extends  into  Mexico.  In  habit  it  is  somewhat  like  the  preceding 
q^*ies  {E.  poceoides)^  growing  in  tufts,  with  the  culms  branching  at 
the  base  and  the  lower  joints  bent.  The  culms  are  smooth,  slender,  10 
to  20  inches  high,  the  leaves  narrow  and  sparse,  with  a  tendency  to 
produce  an  abundance  of  flowering  culms.  The  panicle  is  oblong,  open 
and  spreading,  3  to  4  inches  long,  with  the  branches  irregularly  single 
or  in  pairs,  and  much  subdivided.  The  spikeh^ts  are  oblong,  lanceolate 
to  hnear,  about  two  lines  long,  and  usually  from  Ave  to  fifteen  flowered. 
The  empty  glumes  are  small,  only  about  half  the  length  of  the  flowering 
glumes,  ovate  and  acute.    The  flowering  glumes  are  about  half  a  line 
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long,  acutish,  and  distinctly  three-nerved.  It  has  little  or  no  agricalt- 
ural  value  except  in  arid,  sandy  districts,  where  it  seems  to  be  most 
common.    (Plate  90.) 

Melica. 

Of  this  genas  we  have  ten  to  twelve  fc-pecies.  Its  characters  are  as 
follows :  Spikelets  two  to  many  flowered;  the  flowers  usually  convolute 
around  each  other,  the  upper  one  smaller  and  imperfect;  the  outer  glumes 
membranaceous  or  hyaline,  acute  or  obtuse,  awnless,  the  lower  cue  three 
to  five  and  the  upper  sometimes  seven  to  nine  nerved,  the  lateral  nerves 
not  reaching  to  the  margin.  The  flowering  glumes  are  of  thicker  text- 
ure, becoming  coriaceous,  scarious  at  the  apex,  rounded  or  flattish  on 
the  back,  five  to  nine  nerved,  the  lateral  nerves  not  reaching  the  apex, 
the  central  one  sometimes  ending  in  a  point  or  an  awn ;  the  palets 
shorter  than  their  glumes,  two- keeled,  ciliate  on  the  keels. 

Melica  mutica.    (Melic  grass.) 

A  perennial  grass,  growing  sparingly  in  rich,  rocky  woods  through- 
out most  of  the  States  east  of  the  Bocky  Mountains.    It  grows  in  loose 
tufts,  the  culms  about  2  feet  high,  the  lower  leaves  and  sheathes 
soft  hairy,  the  upper  leaves  narrow,  3  to  4  inches  long,  gradually 
pointed.    The  panicle  is  very  simple  or  little  branched.    In  the  variety 
diffusa  the  panicle  is  larger,  more  branched  and  spreading;  the  spike- 
lets  are  loosely  arranged  on  the  branches,  almost  sessile,  and  rather  on 
one  side  of  the  branches.    They  are  large  and  graceful  in  appearance, 
each  one  consisting  of  two  perfect  flowers  and  a  small  chaffy  knob, 
called  a  rudiment.    The  outer  glumes  are  thin,  scarious-margined,  five 
to  seven  nerved,  purplish,  and  three  to  four  lines  long.    The  flowering 
glumes  are  thicker,  strongly  ribbed,  scarious  at  the  blunt  apex,  and 
minutely  rough  on  the  nerves.    The  two  flowers  are  somewhat  distant 
from  each  other.    The  palets  are  narrower  and  shorter  than  the  flower- 
ing glumes,  arched  and  ciliate  on  the  keels.    This  grass  is  eaten  and 
relished  by  cattle,  but  is  probably  not  well  adapted  to  cultivation. 
(Plate  91.) 

Melica  bulbosa.    (Bulbous  Melic  grass.) 

This  species  is  distinguished  by  its  large  bulbous  roots,  or,  more 
properly,  by  the  bulb-like  enlargement  of  the  base  of  the  culm.  It 
grows  to  the  height  of  2  or  3  feet ;  the  leaves  narrow,  scabrous,  and 
mostly  involute.  The  panicle  is  Irom  4  to  8  inches  long,  narrow,  with 
short  and  distinct  branches,  which  are  mostly  in  pairs,  erect  and  densely 
flowered.  The  spikelets  are  about  half  an  inch  long,  with  usually  three 
or  four  flowers,  the  upper  one  sterile.  The  outer  glumes  are  thin,  broad, 
and  obtuse,  the  lower  one  three  to  five  nerved,  the  upper  five  to  seven 
nerved.  The  flowering  glume  is  about  a  quarter  of  an  inch  long,  ob- 
tuse, roughish,  and  seven-nerved.    The  palet  shorter  than  the  flower- 
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glome  and  ciliate  on  the  keels.  This  species  growa  in  the  moautain 
ion  of  California  and  Oregon,  also  in  Nevada.  Utah,  and  Wyoming, 
ite  92.) 

:LICA   IMPERFECTA. 

lere  are  seven  or  eight  speciesof  Melica  in  California,  some  of  them 

|te  common,  but  the^^  do  not  appear  to  have  much  agricultural  value. 

Melica  imperfecta  grows  in  tufts  in  shaded  ground.     There  are  sev- 

varieties,  which  differ  considerably  in  size  and  general  appearance. 

»y  may  be  described  in  general  terms  as  growing  from  1  to  3  feet 

[h,  with  slender,  rather  wiry  culms;  the  lower  leaves  are  narrow, 

|h  long-tapering  points,  and  about  half  as  long  as  the  culm,  generally 

^th  or  slightly  scabrous.    The  roots  are  perennial,  with  strong  fibers. 

panicle  varies  in  the  different  varieties  from  6  to  12  inches  in  length, 

ler  narrow,  with  distant  rays,  which  are  very  unequal  in  length,  and 

minsters  from  three  to  five.    The  longer  rays  are  1  or  2,  or  sometimes 

iches  long,  flower-bearing  for  half  or  two-thirds  their  length,  while 

shorter  ones,  ^  to  1  inch  long,  are  flower-bearing  to  their  base.    The 

:elet8  are  one-quarter  of  an  inch  or  less  in  length,  and  usually  with 

flowens,  one  of  which  is  imperfect,  sometimes,  however,  with  three 

ers,  one  or  two  of  which  are  imperfect.    The  outer  glumes  are  fre- 

mtly  purplish,  with  thin,  whitish  margins,  slightly  obtuse,  and  three 

[five  nerved.    The  flowering  glume  is  about  seven^nerved,  usually 

^lish,  rather  acute;  the  palet  of  about  the  same  length  and  two- 

Ithed.     The  imperfect  flower  has  a  short  pedicel,  and  is  about  half 

long  as  the  perfect  one.     (Plate  93.) 

• 

[Jkiola. 

This  genus  has  closely,  many-flowered  spikelets,  usually  large,  very 
lat,  and  two-edged,  one  or  more  of  the  lowest  flowers  neutral  and  con- 
sisting only  of  an  empty  glume ;  the  glumes  are  closely  folded  together, 
Keeled,  rigid,  or  coriaceous ;  the  flowering  ones  larger,  many-nerved, 
isaally  acute  or  pointed,  entire ;  palet  rigid,  two-keeled,  the  keels  nar- 
lowly  winged. 

Ukiola  latifolia.    (Broad-flowered  Fescue  grass.) 

This  is  a  handsome  grass,  growing  2  to  3  feet  high,  with  very  broad 
leaves  and  a  spreading  panicle ;  the  drooping  spikelets  larger  than  those 
»f  any  other  grass  we  have,  being  an  inch  long  or  more,  and  nearly  half 
18  wide,  consisting  of  ten  to  twelve  flowers.  It  grows  from  Pennsyl- 
rania  and  Illinois  southward.  Mr.  Charles  Mohr,  Mobile,  Ala.,  says  of 
this  graHS : 

A  fine  vernal  grass,  with  a  rich  foliage,  blooming  early  iu  May;  2  to  3  feet  high; 
freqaent  in  damp,  sandy  loam,  forming  large  tufts.  This  perennial  grass  is  certainly 
r&Iaable,  aifording  an  abundant  range  early  in  the  season;  if  cultivated  it  would 
field  large  crops  ready  for  cutting  from  the  1st  of  May.    It  is  called  by  some  wild 
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fescue  or  oat  grass.  It  is  not  found  near  the  coastf  consequently  I  had  no  cbanoe  tt 
observe  its  growth  during  the  latter  part  of  the  summer  and  in  the  winter  season,  and 
therefore  am  not  able  to  judge  of  its  value  as  a  piisture  grass. 

(Plato  94.) 

DiSTiCHLis  MARiTiMA.    (Salt  grass,  Marsh  grass.) 

This  is  described  in  most  botanical  works  as  Brizopyrum  Hpieatum^ 
but  recently  the  name  given  by  Rafinesque  has  l>een  accepted  and  re- 
stored to  it  by  Mr.  Bentham.  It  is  a  perennial  grass,  growing  in 
marshes  near  the  sea-coast  on  both  sides  of  the  continent,  and  also 
abundantly  in  alkaline  soil  throughout  the  arid  districts  of  the  Bocky 
Mountains.  It  has  strong,  creeping  root-stocks,  covered  with  imbri- 
cated leafsheaths,  sending  up  culms  from  6  to  18  inches  high,  which  are 
clothed  nearly  to  the  top  with  the  numerous,  sometimes  crowded,  two- 
ranked  leaves.  The  leaves  are  generally  rigid  and  involute,  sharp- 
pointed,  varying  greatly  in  length  on  different  specimens.  The  plants 
are  dicecious,  some  being  entirely  male  and  some  female.  The  panicle 
is  generally  short  and  spike-like,  sometimes,  especially  in  the  males, 
rather  loose,  with  longer,  erect  branches,  and  sometimes  reduced  to  a 
few  spikelets.  The  spikelets  are  from  four  to  six  lines  long  and  five  to 
ten  flowered,  the  flowers  being  usually  much  compressed.  The  oot» 
glumes  are  smooth,  narrow,  and  keeled ;  the  flowering  ones  are  broader, 
keeled,  acute,  rather  rigid,  and  faintly  many-nerved.  The  palets  have 
an  infolded  margin,  the  keels  prominent  or  narrowly  winged.  The  pis- 
tillate spikelets  are  more  condensed  and  more  rigid  than  the  staminate. 
Although  this  cannot  be  considered  a  first-rate  grass  for  agricultural 
purposes,  it  is  freely  cut  with  other  marsh  grasses,  and  on  the  alkaline 
plains  of  the  Rocky  Mountains  it  affords  an  inferior  pasturage.  (Plate 
95.) 

Dactylis  glomerata.    (Orchard  grass,  Cocksfoot  grass.) 

This  is  one  of  the  most  popular  meadow  grasses  of  Europe,  and  is 
well  known  to  most  farmers  in  the  Northern  and  Eastern  States.  It  is 
a  perennial,  of  strong,  rank  growth,  about  3  feet  high,  the  culm  a&d 
leaves  roughish,  the  leaves  broadly  linear,  light  green,  and  five  to  sii 
on  the  culm.  The  panicle  is  generally  but  2  or  3  inches  long,  the  upper 
part  dense  from  the  shortness  of  the  branches ;  the  lower  branches  are 
longer  and  spreading,  but  with  the  spikelets  glomerated  or  closely 
tufted.  The  spikelets  are  usually  three  to  four  flowered,  one-sided,  and 
on  short,  rough  pedicels.  The  glumes  are  pointed  and  somewhat  un- 
equal, the  upper  one  being  smaller  and  thinner  than  the  lower.  The 
flowering  glumes  are  ovate-lanceolate,  roughrsh,  and  ending  in  a  sharp 
point  or  short  awn,  and  are  rather  longer  than  the  outer  glumes. 

Professor  Phares,  of  Mississippi,  says : 

Of  all  grasses  this  is  one  of  the  most  widely  diflfused,  growing  in  Africa,  Asia,  every 
country  of  Europe,  and  all  our  States.  It  is  more  highly  esteemed  and  commended 
than  au3'  other  grass  by  a  larger  number  of  farmers  in  most  countries,  a  most  decided 


THE   AGRICULTURAL    GRA88K8    OF   THK    UNITED    STATES.       93 

^roof  of  its  great  value  and  wonderful  adaptatiou  to  many  soils,  climates,  and  treat- 
ments. Yet,  strange  to  say,  though  growing  in  England  for  many  centuries,  it  was 
not  appreciated  in  that  country  till  carried  there  from  Virginia  in  1764.  Bur,  as  in 
the  case  of  timothy  grass,  soon  after  its  introduction  from  America,  it  came  into  high 
fiivor  among  farmers,  and  still  retains  its  hold  on  their  estimation  as  a  grazing  and 
hay  crop.  It  will  grow  well  on  any  soil  containing  sufficient  clay  and  not  holding  too 
mach  water.  If  the  land  be  too  tenacious,  draiuage  will  remedy  the  soil;  if  worn 
OQt,  a  top  dressing  of  stable  manure  will  give  it  a  good  send-off,  and  it  will  furnish 
several *mo wings  the  first  year.  It  grows  well  between  29^  and  4^P  latitude.  It  may 
he  mowed  from  two  to  four  times  a  year,  according  to  latitude,  season,  and  treatment, 
yielding  from  I  to  3  tons  of  excellent  hay  per  acre  on  poor  to  medium  land.  It  is 
easily  cnred  and  handled.  It  is  readily  seeded  and  catches  with  certainty.  It  grows 
well  in  open  lands  and  in  forests  of  large  trees,  the  underbrush  being  all  cleared  off. 
I  know  but  one  objection  to  it.  Like  tall  uat  grass  it  is  di8i)OBed  to  grow  in  clumps 
and  leave  much  of  the  ground  nncovered.  This  may  be  obviated  by  thick  seeding, 
osing  2i,  or,  better,  3  bushels  of  seed  per  acre.  The  gaps  may  be  prevented  by  sow- 
ing with  it  a  few  pounds  of  re<l-top  seed.  But  as  the  latter  multiplies  annually  from 
seeds  dropping,  it  would  in  a  few  jeani  root  out  the  orchard  grass.  In  common  with 
others  I  prefer  red  clover  with  orchard  grass.  It  fills  the  gaps  and  matures  at  the 
same  time  with  the  orchard  gra.ss ;  the  mixture  makes  good  pastnre  and  good  hay; 
but  if  mowed  more  than  twice  a  year,  or  grazed  too  soon  after  the  second  mowing, 
the  clover  will  rapidly  fail.  One  peck  of  red  clover  seed  and  six  pecks  of  orchard 
grass  seed  is  a  good  proportion  per  acre.  •  *  •  After  being  ont  it  has  been  found 
to  grow  inches  in  less  than  three  days.  Sheep  leave  all  other  grasses  if  they 
can  find  this,  and  acre  for  acre  it  will  sustain  twice  as  many  sheep  or  other  stock  as 
timothy.  Cut  at  the  proper  stage  it  makes  a  much  better  hay  than  timothy,  and  is 
greatly  preferred  by  animals,  being  easier  to  masticate,  digest,  and  assimilate;  in 
fact,  more  like  green  grass  in  flavor,  t-endemess,  and  solubility. 

Mr.  J.  S.  Gould,  of  New  York,  says  : 

The  testimony  that  has  been  collected  from  all  parts  of  the  world  for  two  centuries 
past  establishes  the  place  of  this  species  among  the  very  best  of  our  forage  grasses, 
and  we  have  not  the  shadow  of  a  donbt  that  the  interests  of  onr  graziers  and  dairy- 
nen  wonld  be  greatly  promoted  by  its  more  extended  cultivation.  It  is  always  found 
in  the  rich  old  pastures  of  England,  w'here  an  acre  of  land  can  be  relied  on  to  fatten  a 
bollock  and  four  sheep.  It  is  admirably  adapted  for  growing  in  the  shade,  no  grass 
being  equal  to  it  in  this  respect,  except  the  rough-stalked  meadow  grass  (Poa  triru 
ali»).  It  receives  the  name  of  orchard  grass  from  this  circumstance.  We  have  seen 
it  growing  in  great  luxuriance  in  dense  old  New  England  orchards,  where  no  other 
grass  except  Poa  trivialu  would  grow  at  all.  It  affords  a  good  bite  earlier  in  the  spring 
than  any  other  grass  except  the  meadow  fox-tail  (Alopecarus  pratensis).  It  affords  a 
tery  great  amonnt  of  aftermath,  being  exceeded  in  this  respect  by  no  other  grass 
except  Kentucky  blue  grass  (Poa  pratensis)^  and  it  continues  to  send  ont  root  leaves 
until  very  late  in  the  autumn.  When  sown  with  other  grasses  its  tendency  to  form  tus- 
socks is  very  much  diminished;  indeed,  it  is  always  unprofitable  to  sow  it  alone  in 
meadows  or  pastures,  as  it  stands  too  thin  upon  the  ground  to  make  a  profitable  use 
of  the  land,  and  the  filling  up  of  the  interspaces  with  other  varieties  greatly  Improves 
the  quality  of  the  orchard  grass  by  restraining  its  rankness  and  making  it  more  deli- 
cate. 

Mr.  Sinclair  states,  and  the  statement  has  beeu  abundantly  verified 
in  all  countries,  that  the  herbage  when  suffered  to  grow  rauk  or  old 
eontains  one-half  less  nutriment  than  that  which  is  of  recent  growth. 
Cattle,  sheep,  and  horses  eat  it  with  the  greatest  avidity  when  it  is 
yoQDg,  but  will  not  touch  it  when  old,  hence  the  impoitance,  when 
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pastures  have  been  understocked,  of  going  over  them  with  a  mowio^ 
machine ;  the  orchard  grass  will  then  stool  out,  and  the  cattle  will  be 
found  eating  first  on  the  very  spots  that  they  had  previously  rejected. 
(Plate  96.) 

POA. 

This  is  an  extensive  genus,  there  being  about  thirty -five  species  in  I 
the  United  States,  and  it  contains  some  of  the  most  valuable  grasses  I 
for  pasturage. 

The  chief  characters  of  the  genus  are  as  follows :  Spikeleta  some- ; 
what  compressed-,  usually  two  to  five  flowered  ;  the  axis  between  the 
flowers  glabrous,  or  sometimes  hairy ;  the  flowers  generally  perfect,  iA 
a  few  species  dicBcious ;  the  outer  glumes  commonly  shorter  than  Ae 
flowers,  membranaceous,  keeled,  obtuse  or  acute,  one  to  three  nerved, 
not  awned  ^  the  flowering  glumes  membranaceous,  five  or  rarely  seven 
nerved ;  the  lateral  nerves  frequently  very  faint  and  obscure,  often 
scarious  at  the  apex  and  margins ;  the  back,  especially  toward  the 
base,  frequently  pubescent  on  the  nerves,  often  with  a  few  or  many 
loose  or  webby  hairs  at  the  base ;  palet  about  as  long  as  its  glame, 
prominently  two-nerved  or  two-keeled. 

PoA  PRATENSis.    ( Juue  grass,  Kentucky  blue  grass.  Spear  grass.) 

This  grass  is  too  well  known  to  need  an  extended  description.  It  is 
a  perennial,  growing  usually  1^  to  2  feet  high,  with  an  abundance  of 
long,  soft,  radical  leaves.  There  are  several  well-marked  varieties, 
which  are  much  modified  and  improved  by  good  cultivation.  It  is 
indigenous  in  the  mountainous  regions  of  this  country  as  well  as  of 
Europe,  and  has  been  introduced  into  cultivation  in  many  countries. 
The  panicle  is  generally  pyramidal  in  outline,  2  to  4  inches  long,  open 
and  spreading,  the  branches  fine,  mostly  in  fives,  the  lower  ones  1  to  3 
inches  long,  subdivided  and  flowering  above  the  middle.  The  spike- 
lets  are  about  two  lines  long,  ovate,  closely  three  to  &ve  flowered, 
mostly  on  very  short  pedicels.  The  outer  glumes  are  acute ;  4:he  flow- 
ering glumes  acute  or  acutish,  five-nerved,  the  lateral  nerves  prominent^ 
the  lower  part  of  the  keel  and  marginal  nerves  more  or  less  hairy,  and 
at  the  base  more  or  less  webby-hairy.  From  the  unexampled  success  its 
cultivation  has  met  with  in  Kentucky  it  has  acquired  the  name  d 
Kentucky  blue  grass,  although  in  !N'ew  England  it  is  known  by  tht 
name  of  June  grass.  In  all  the  middle  portions  of  the  United  States 
it  forms  the  principal  constituent  of  pastures,  though  its  excellence  is 
said  to  be  rather  depreciated  in  the  Eastern  States. 

In  some  Bections  it  has  been  used  as  a  bay  grass,  but  it  is  not  a  success  as  t 
meadow,  its  chief  excellence  being  exhibited  as  a  pasture  grass.  It  endures  Uid 
frosts  of  winter  better  than  any  other  grass  we  have,  and  if  allowed  to  grow  rank 
during  the  fall  months  it  will  turn  over  and  hide  beneath  its  covering  the  most  lux- 
uriant of  winter  croppings. 
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Professor  Killebrew,  of  Tennessee,  says  : 

It  wonld  seem  a  work  of  snpererofi^ation  to  argue  as  to  the  advaDtages  of  cultivat- 
ing this  grass.  All  know  its  benefits,  and  all  see  around  them  the  great  increaHe  in 
the  value  of  the  land  covered  by  it.  It  grows  readily  in  all  parts  of  the  United 
States  north  of  4(F,  and  lower  down  on  suitable  soils.  It  flowers  in  the  earliest  sum- 
mer, and  gives  rich  pasturage,  except  in  the  driest  months,  all  the  year.  It  varies  in 
size  in  difl'erent  localities  according  to  soil  and  climate. 

Professor  Phares,  of  Mississippi,  says : 

Kentucky  blue  grass,  known  also  in  the  Eastern  States  as  June  grass,  although 
esteemed  in  some  parts  of  America  as  the  best  of  all  pasture  grasses,  seems  not  to  be 
considered  very  valuable  among  English  farmers  except  in  mixtures.  It  is  certainly 
a  very  desirable  grass,  however.  Its  very  narrow  leaves,  I,  2,  or  more  feet  long,  are 
in  snch  profusion  and  cover  the  ground  to  snch  depth  with  their  luxuriant  growth 
that  a  mere  description  could  give  no  one  an  adequate  idea  of  its  beauty,  quantity, 
or  value ;  that  is,  on  rich  laud.  On  poor,  sandy  laud  it  degenerates  sadly,  as  do  other 
things  uucougenially  located.  Perennial,  and  bearing  cold  and  drought  well,  it  fur- 
nishes grazing  a  large  part  of  the  year.  It  is  specially  valuable  as  a  winter  and 
spring  grass  for  the  South.  In  prolonged  summer  drought  it  dries  completely,  so  that 
if  fired  it  wonld  bum  off  clean.  But  this  occurs  even  in  Kentucky,  where,  indeed,  it 
has  seemed,  without  fire,  to  disappear  utterly ;  yet  when  rain  came,  the  bright  green 
spears  promptly  recarpeted  the  earth.  Sown  alone,  20  to  26  pounds,  that  is  2  bushels, 
should  be  used  to  the  acre ;  in  mixtures,  4  to  6  pounds. 

Mr.  Klippart,  of  Ohio,  says  that  this  grass  is  very  much  in  favor  in 
Southern  Ohio,  whilst  in  Northern  and  Northeastern  Ohio  it  is  considered 
a  very  unwelcome  guest  in  the  grass  lauds.  This  difference  of  estima- 
tion is  probably  due  to  varieties,  or  to  alteration  of  soil  and  to  treat- 
ment.   (Plate  97). 

PoA  TBiviALis.    (Rough-stalked  Meadow  grass.) 

This  species  very  much  resembles  the  Foa  pratensis.  It  is  distin- 
guished chiefly  by  its  having  rough  sheaths,  by  its  long,  pointed  lig- 
nles,  its  fibrous  roots,  and  the  smooth  marginal  nerves  of  the  flowering 
glumes ;  whereas,  in  Poa  pratensiSj  the  sheaths  are  smooth,  the  ligules 
obtuse,  the  root-stock  running,  and  the  marginal  nerves  of  the  flower- 
ing glumes  are  hairy.  It  has  been  little  cultivated  by  itself  in  this 
country,  but  is  sometimes  found  in  low  meadows  or  on  the  banks  of 
shaded  streams.  It  flourishes  best  in  low  or  wet  ground  and  in  shaded 
situations,  and  is  not  so  well  adapted  to  general  cultivation  as  the  blue 
grass. 

Professor  Phares,  of  Mississippi,  says : 

It  is  specially  adapted  to  wood  pastures,  as  it  delights  in  shade,  hanks  of  streams, 
and  moist  ground  generally.  It  hears  tramping  and  is  an  excellent  pasture  grass.  It 
makes  a  good  mixture  with  red  top  and  orchard  grass,  or  red  top  and  tall  oat  grass, 
and  with  other  pasture  grasses. 

PoA  SEROTINA.    (Fowl  Moadow  grass.) 

Culms  erect,  2  to  3  feet  high,  without  running  root-stocks.  The  leaves 
are  narrowly  linear,  3  to  6  inches  long  and  two  to  three  lines  wide,  the 
Bbeathslong,  smooth,  and  striate,  the  ligules  long.    The  panicle  varies 
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with  the  size  of  the  plant  from  5  to  10  or  12  inches  long  and  1  to  3  inches 
wide,  and  lax ;  the  branches  mostly  in  fives  or  more  numerous,  nearlj 
erect,  from  1  to  4  inches  long,  the  longer  ones  subdivided  and  flowering 
above  the  middle.  There  are  some  mountain  forms  or  varietieis  in 
which  the  culms  are  I  foot  or  less  in  height  and  the  panicle  greatly  re- 
duced. The  spikelets  are  one  to  two  lines  long,  two  to  live  flowered,  on 
short  pedicels.  The  outer  glumes  are  about  one  line  long  and  sharp- 
pointed.  The  flowering  glumes  are  rather  obtuse,  the  lateral  nervei 
not  prominent,  slightly  pubescent  on  the  margins  below,  and  somewhat 
webby  at  the  base. 

This  species  is  most  common  in  the  Northern  States,  particularly  in 
Kew  England,  New  York,  and  westward  to  Wisconsin,  and  also  in  re- 
duced forms  in  all  mountainous  districts. 

Mr.  J.  8.  Gould,  of  New  York,  says : 

I  have  found  it  to  grow  on  almost  every  kind  of  soil ;  but  it  attains  the  greatest 
perfection  in  a  rich  moist  one.  It  is  one  of  those  grasses  that  thrive  best  wheu  cum* 
bined  with  others ;  it  will  not  make  a  superior  turf  of  itself,  but  it  adds  much  to  the 
value  of  a  sward  from  its  nutritive  qualities  and  powers  of  eai'ly  and  late  growth.  Aa 
it  perfects  an  abundance  of  seed  it  may  be  easily  propagated. 

Professor  Phares,  of  Mississippi,  says: 

In  portions  of  the  Western  States  this  grass  has,  for  some  years,  been  very  highly 
recommended.  In  the  Eastern  States  it  has  been  cultivated  for  one  hundred  uid  fifty 
years  or  longer  and  valued  highly.  Jared  Elliott,  in  1749,  spoke  of  it  as  growing  tall 
and  thick,  making  a  more  soft  and  pliable  hay  than  timothy  aud  better  adapted  ibr 
pressing  and  shipping  for  use  of  horses  on  shipboard.  He  says  it  makes  a  thick,  abuod- 
ant  growth  on  land  more  moist  than  is  adapted  tocomihon  upland  grasses,  and  may  be 
mowed  any  time  from  June  to  October,  as  it  never  becomes  so  coarse  and  hard  but  the 
stalk  is  sweet  and  tender  and  eaten  without  waste.  It  has  not  been  sufficiently  culti- 
vated in  the  Southern  States,  so  far  as  I  am  aware,  to  know  how  long  a  meadow  aet 
with  it  may  remain  profitable.    It  is,  however,  worthy  of  extended  trial. 

Mr.  Charles  L.  Flint  says: 

It  grows  abundantly  in  almost  every  part  of  New  England,  especially  where  it  has 
been  introduced  and  cultivated  in  suitable  ground,  such  as  the  borders  of  riven  sod 
intervals  occasionally  flooded.  It  never  grows  so  coarse  or  hard  but  that  the  stalk  n 
sweet  and  tender,  and  eaten  without  waste.  It  is  easily  made  into  hay,  aud  is  a  nu- 
tritive and  valuable  grass. 

(Plate  98.) 

PoA  COMPRESS  A..   (Wire  grass.  Blue  grass.) 

This  species  has  sometimes  been  confounded  with  the  Kentucky  blue 
grass,  from  which  it  differs  in  its  flattened,  decumbent,  wiry  stems,  its 
shorter  leaves  and  shorter,  narrower,  and  more  scanty  panicle.  It  is 
found  in  many  old  pastures,  on  dry  banks,  and  in  open  woods.  The 
culms  are  hard  and  much  flattened,  1  foot  to  18  inches  long,  more  or 
less  decumbent,  and  frequently  bent  at  the  lower  joints.  The  leaves 
are  scanty,  smooth,  short,  and  of  a  dark  bluish-green  color.    The  pani- 
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ele  19  short  and  contracted,  1  to  3  inches  long.  The  branches  arc  in 
pairs  or  threes,  short,  rongh,  and  frequently  one  sided.  The  spikclets 
are  ovate-oblong,  flat,  short-stalked,  and  generally  three  to  Ave  flowered. 
The  outer  glumes  are  acute,  the  flowering  ones  obtuse,  smooth,  the 
serves  obscure,  and  the  apex  frequently  purplish  colored.  It  forms  a 
very  Arm  turf  by  means  of  its  creeping  rootstalks.  Very  contradictory 
accounts  have  been  given  as  to  its  agricultural  value,  some  denouncing 
it  as  worthless  and  others  entertaining  a  good  opinion  of  it.  It  thrives 
well  on  clay,  or  hard  trodden  and  poor  soils. 
Hon.  J.  S.  Gould  says,  respecting  it : 

It  is  oertain  that  oows  that  feed  upon  it  both  in  paetare  and  in  hay  gire  more  milk 
and  keep  in  better  condition  than  when  fed  on  any  other  grass.  Horses  f6<l  on  this 
hay  will  do  as  well  as  when  fed  on  timothy  hay  and  oats  combined. 

These  discrepant  opinions  may  be  due  in  part  to  having  mistaken  the 
Foa  pratenais  for  this  grass.  It  is  probably  a  nutritious  grass,  but  from 
its  spare  yield  can  hardly  obtain  much  flavor  for  a  hay  crop.    (Plate  99.) 

PoA  ABACHNIFERA.    (Texas  Blue  grass.) 

This  species  was  first  described  by  Dr.  John  Torrey  in  the  report  of 
Captain  Marcy's  exploration  of  the  Bed  Eiver  of  Louisiana,  as  having 
been  found  on  the  headwaters  of  the  Trinity,  and  named  Poa  araohni/era 
from  the  profuse  webby  hairs  growing  about  the  flowers,  altliough  it  is 
fonnd  that  this  character  is  very  variable,  probably  depending  some- 
what on  the  amount  of  shade  or  exposnre  to  which  the  grass  is  subject. 

Several  years  ago  Mr.  Hogan,  of  Texas,  sent  specimens  of  the  grass 
to  this  Department,  and  as  it  was  shown  to  be  a  relative  of  tlie  Kentucky 
blue  grass,  Mr.  Hogan  adopted  for  the  common  name  Texas  blue  grass. 
We  give  some  extracts  firom  his  letters  relating  to  the  grass : 

I  find  it  is  spreading  rapidly  over  the  eonntry,  and  I  claim  for  it  all  and  more  in  Texna 
fhan  is  awarded  to  the  Foa  pratetuU  in  Kentucky.  It  seems  to  be  indigenous  to  all 
the  prairie  country  between  the  Trinity  River  and  the  Brazos  in  our  State.  It  blooms 
here  abont  the  last  of  March ,  and  ripens  its  seeds  by  the  I5th  of  April.  Stock  of  all 
kinds,  and  even  poultry ,  seem  to  prefer  it  to  wheat,  rye,  or  anything  else  grown  in  winter. 
It  seems  to  have  all  the  characteristics  of  Poa  pratensiSf  only  it  is  much  larger,  and 
therefore  aflfords  more  grazing.  I  hare  known  it  to  grow  10  inches  in  ten  days  during 
the  winter.  The  coldest  winters  do  not  even  nip  it,  and  although  it  seems  to  die  down 
luring  summer  it  springs  up  as  soon  as  the  first  rains  fall  in  September  and  grows  all 
winter.  I  have  known  it  in  cultivation  some  five  years,  and  have  never  been  able  to 
ind  a  fault  in  it.  It  will  be  ready  for  pasture  in  three  or  four  weeks  after  the  first 
tains  in  the  latter  part  of  August  or  first  of  September.  I  have  never  cnt  it  for  hay, 
^hy  should  a  man  want  hay  when  he  can  have  green  grass  to  feed  his  stock  on  f 

Mr.  James  E.  Webb,  of  Greensborough,  Hale  County,  Alabama,  writes 
to  the  Department  December  26, 1883,  and  says : 

Recent  experiments  show  that  the  Texas  blue  grass  {Poa  arachn\fera)  flourishes  and 
grows  here  in  west  Alabama  as  finely  as  conld  be  wished,  and  is  likely  I're  long  to 
funish  ns  what  we  so  much  need,  a  fine  winter  grass.    With  Texas  blue  ^^rass,  Meli- 
bios,  and  Bermuda  grass,  Alabama  is  a  fine  stock  country. 
2218  OR 7 
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Mr.  S.  C.  Tally,  of  Ellis  County,  Texas,  has  sent  specimens  of  this 
grass ;  he  says  it  is  abundant  there,  bears  heavy  pasturing,  and  makes 
a  beautiful  yard  or  lawn  grass. 

^Similar  favorable  accounts  have  been  received  from  others.  .  It  is 
likely  to  prove  one  of  the  most  valuable  grasses  for  the  South  and^South- 
west.  By  means  of  its  strong  stolons  or  offshoots  it  multiplies  rapidly 
and  makes  a  dense  permanent  sod.  It  produces  an  abundance  of  radi- 
cal leaves,  and  those  of  the  culm  are  long,  smooth,  and  of  good  width, 
about  4  to  8  inches  long  and  two  lines  wide.  The  culms  are  2  to  3  feet 
high,  each  with  two  or  three  leaves,  with  long  sheaths  and  blade,  the 
upper  leaf  sometimes  reaching  nearly  to  the  top  of  the  panicle.  The 
ligule  is  short  and  rounded,  or  lacerated  when  old.  The  panicle  is  ^m 
3  to  8  inches  in  length,  rather  narrow,  and  with  short,  erect  branches 
of  unequal  length,  in  clusters  of  from  three  to  five,  the  longest  seldom 
2  inches,  most  of  them  short,  some  nearly  sessile,  and  profusely  flower- 
ing to  the  base.  The  spikelets  usually  contain  about  five  flowers.  The 
outer  glumes  are  ovate-lanceolate,  acute,  with  whitish  scarious  marginst 
and  scabrous  on  the  keel.  The  flowering  glumes  are  longer,  gradaallj 
shari)  pointed,  and  smooth  except  on  the  margins  and  midnerve,  which 
are  usually  pubescent,  sometimes  densely  so.  In  many  cases  there  is  a 
remarkable  development  of  long,  silky  hairs  at  the  base  of  each  flower, 
but  sometimes  these  are  quite  absent.    (Plate  100.) 

PDA  TENUiFOLiA.    (Oregon  Blue  grass.) 

There  is  some  uncertainty  about  the  proper  specific  name  of  this 
grass.  In  the  report  for  1881-'82  it  was  published  as  Poa  Califomica^ 
but  it  seems  probable  that  that  name  belongs  to  a  dift'erent  species.  It 
is  common  in  California,  Oregon,  and  Washington  Territory,  and  is  one 
of  the  numerous  bunch  grasses  referred  to  in  accounts  of  the  wild  pas- 
turage of  that  country.  The  foliage  of  some  forms  t)f  the  grass  seems 
to  be  too  scanty,  but  of  others  the  radical  leaves  are  long  and  abnD- 
dant.  It  furnishes  an  abundance  of  nutritious  seeds,  which  are  said  to 
be  gathered  for  food  by  Indians. 

The  culms  are  from  1^  to  3  feet  high,  erect,  and  scantily  clothed 
with  a  few  short,  narrow  leaves.  The  panicle  is  erect,  3  to  6  inches 
long,  rather  narrow  and  loose,  the  branches  mostly  in  fives,  unequal, 
from  ^  to  1^  inches  long,  fiowering  above  the  middle.  The  spikelets 
are  three  to  five  flowered ;  the  outer  glumes  are  oblong-lanceolate,  about 
two  lines' long,  nearly  as  long  as  the  flowers,  three-nerved,  rough  on  the 
keel,  somewhat  scabrous,  and  acutish.  The  flowering  glumes  are  lance- 
olate, convex,  or  slightly  compressed  toward  the  apex,  indistinctly  five, 
nerved,  two  to  three  liueslong,  acutish,  minutely  scabrous,  the  apex  and 
margins  scarious  and  of  a  bronze  or  purplish  color,  sometimes  slightly 
pubescent  near  the  base.  The  palet  is  almost  as  long  as  its  glume,  nar- 
rower and  bidentate  at  the  apex. 
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It  IS  probable  that  this  species,  by  careful  cnltivation,  may  be  made 
ds  valuable  in  agriculture  for  the  region  where  it  grows  as  the  Poapra- 
tensis  is  in  the  Eastern  States.    (Plate  101.) 

PoA  ALSODES.    (Tall  Spcar-grass,  Woods  grass,  Wood  Bpear  grass.) 

A  species  of  spear-grass  of,  probably,  no  great  agriculturalValue,  but 
found  in  mountainous  districts  in  the  northern  parts  of  the  United 
States,  in  woods  and  on  hill  sides  in  New  England,  New  York,  the 
mountainous  parts  of  Pennsylvania,  and  westward  to  Wisconsin.  The 
•culms  are  2  to  2^  feet  high,  slender,  erect,  and  with  about  three  nar- 
rowly-linear leaves,  each  3  to  4  inches  long.  The  i)anicle  is  about  6 
iuclies  long,  very  open,  and  composed  of  about  four  whorls  of  branches, 
chiefly  in  fours,  the  lower  ones  distant,  very  slender,  2  to  3  inches  long 
and  with  few  flowers  only  toward  the  extremity  of  the  branches.  The 
species  may  most  readily  be  distinguished  by  the  acute  flowers.  The 
-spikelets  are  about  two  lines  long,  chiefly  three-flowered.  All  the  glumes 
are  acutely-pointed,  the  flowering  ones  obscurely  nerved,  and  with  a 
narrow  tuft  of  long,  webby  hairs  at  the  base. 

Mr.  J.  S.  Gould  says : 

It  flourishes  on  mountain  sides  from  1,000  to  3,000  feet  above  the  sea,  but  is  yery 
-irell  adapted  for  lawns  and  for  thick,  shady  places,  where  few  other  kinds  will  grow. 
The  seeds  weigh  about  15  pounds  to  the  bushel. 

(Plate  102.) 

PoA  ANDiNA  OF  K^UTTALX,    (Mountain  Spear  grass.) 

A  perennial  tufted  grass,  with  short,  narrow,  rigid,  and  pungently 
X>oiDted  leaves,  usually  involute ;  the  culms  are  6  to  18  inches  high, 
smooth,  or  nearly  so,  wiry  and  naked,  except  about  two  very  short 
leaves,  the  blade  an  inch  long,  or  almost  wanting.  The  panicle  is  2  to 
4  inches  long,  narrow,  erect,  and  rather  loose,  the  branches  mostly  in 
pairs,  which  are  erect,  about  an  inch  long,  and  flowering  for  the  upper 
two-thirds,  or  nearly  throughout.  The  spikelets  are  three  to  five  flow- 
ered, and  nearly  sessile;  the  outer  glumes  are  one  and  a  half  lines  long, 
nearly  equal,  thin,  ovate-lanceolate,  arcute  or  acutish,  the  margins  scari- 
ous,  the  lower  one-nerved,  and  the  upper  obscurely  three-nerved,  mi- 
nutely scabrous ;  the  flowering  glumes  are  oblong,  obtuse,  or  obtuslsh, 
■slightly  compressed,  rounded  on  the  back,  at  least  below,  obscurely 
nerved,  softly  and  finely  pubescent  and  below  villous ;  the  apex  scari- 
ous  and  tinged  with  purple,  sometimes  denticulate  or  lacerated ;  the 
palets  are  as  long  as  their  glumes,  and  pubescent  on  the  nerves.  The 
flowers  separate  very  readily  and  drop  off  early. 

This  grass  prevails  ?ndely  throughout  the  region  of  the  great  plains 
and  table  lands  from  Arizona  to  British  America.  Little  is  known  of  its 
agricultural  value.    (Plat«  103.) 
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PoA  ANNUA.    (Annual  Spear  grass.  Goose  gra^s.) 

This  grass  is  a  native  of  Eorope,  bat  has  become  extensively  natur- 
alized in  this  and  many  other  countries.  It  is  an  annual  or  bieDnial 
species  of  low  growth,  usually  3  or  4  to  6  or  10  in  ches  high,  with  pale- 
green,  tender  leaves.  It  is  commonly  found  in  door-yards  or  neglected 
lots  or  on  the  roadside.  It  blooms  very  early  in  the  spring,  and  also 
frequently  in  the  fall.  It  is  Very  nutritions,  but  so  small  that  the  yield 
is  deficient  in  quantity.  It  appears  to  die  at  the  approach  of  hot 
weather. 

Poaflexuosaj  Poa  hretifolia^  Poa  d^iliSj  and  Poa  sylvestriSy  are  species 
growing  in  woods  or  shaded  grounds  in  different  parts  of  the  coantry^ 
South  and  East,  but  are  not  of  much  agricultural  importance. 

Glyceria. 

This  genus  is  closely  related  to  Poa^  and  is  characterized  as  follows: 
Spikelets  terete  or  flattish,  several  to  many  flowered,  the  axis  of  the 
flowers  smooth,  the  outer  glumes  shorter  than  the  flowers,  uneqaaU 
membranaceous,  one  to  three  nerved,  the  flowering  glumes  membraDa- 
ceous  or  subcoriaceous,  obtuse,  awnless,  more  or  less  hyaline,  and  finely- 
toothed  or  worn  at  the  apex,  rounded  (not  keeled)  on  the  back,  five  to 
nine  nerved,  the  nerves  separate  and  all  vanishing  before  reaching  the 
apex ;  palet  about  as  long  as  its  glume,  two-keeled^  entire  or  bifid  at 
the  apex. 

The  species  of  this  genus  are  not  of  much  agricultural  importance. 
They  mostly  grow  in  wet  or  swampy  ground,  and  where  found  ia 
abundance  can  be  utilized  for  pasturage  or  hay-making. 

Glyceria  aquatica.    (Beed  Meadow  grass.  White  Spear  grass.) 

This  species  is  widely  diffused  in  the  northern  portions  of  the  United 
States,  Canada,  the  Bocky  Mountains,  and  the  Northwestern  States 
and  Territories*  It  has  a  stout,  erect,  leafy  culm,  3  to  4  feet  high. 
The  leaves  are  a  foot  or  two  long,  a  quarter  to  half  an  inch  wide,  flat^ 
and  somewhat  rough,  especially  on  the  edges.  The  panicle  is  large,  9 
to  15  inches  long,  much  branched;  the  branches  arranged  in  half 
whorls  alternately  on  the  main  axis,  at  first  erect,  but  spreading  with 
age.  The  spikelets  are  oblong,  about  three  lines  long,  five  to  nine  fiov- 
ered,  on  capillary  pedicels.  The  lower  third  of  the  branches  is  naked .  The  \ 
outer  glomes  are  one-nerved,  and  unequal.  The  flowering  glumes  are 
obtuse,  prominently  seven  nerved  or  ribbed,  mostly  entire  at  the  apex. 
The  palet  is  two-toothed,  two-nerved,  and  about  as  long  as  its  glume. 

Hon.  J.  S.  Gould  says : 

This  grass  is  uiade  into  b»y  which  is  liked  by  cattle.  It  flowers  in  Jaly.  It » 
found  in  most  parts  of  Europe,  and  is  widely  diffused  in  this  country  in  wettish 
meadows. 

It  is  doubt(nl  if  the  European  grass  of  this  name  is  identical  with  the 
American  one,  although  much  resembling  it.    (Plate  104.) 
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Oltceria  neryata.    (Nerved  Meadow  grass,  Nerved  Manua  grass.) 

This  is  similar  in  appearance  and  habit  to  the  preceding,  but  gen- 
erally smaller.  It  has  also  much  the  same  general  range.  The  culms 
are  2  to  3  feet  high,  usually  somewhat  decumbent  below,  often  branch- 
iDg  and  rooting  at  the  lower  joints.  It  varies  greatly  in  size  and  in  the 
magnitude  of  the  panicle.  It  usually  grows  along  the  wet  margins  of 
streams  and  in  swamps.  The  panicle  is  from  4  to  8  inches  long,  nod- 
ding when  young,  loose  and  spreading,  with  capillary  branches.  The 
leaves  are  8  to  12  inches  long,  and  two  to  three  lines  wide.  The  spikelets 
are  small,  about  five-flowered,  oblong,  frequently  becoming  purplish 
with  age.  The  outer  glumes  are  unequal,  obtuse,  thin,  and  small,  neither 
of  them  much  more  than  half  as  long  as  the  flowers.  The  flowering 
glumes  are  obtuse,  oblong,  prominently  five  to  seven  ribbed,  and  en- 
tire or  minutely  ciliate  at  the  apex.  The  palet  is  as  long  as  its  glumes, 
two-nerved,  two-toothed  at  the  apex.  Like  the  preceding  this  grows  in 
vet  meadows  and  swamps.  It  is  nutritious  and  might  be  advan- 
tageously mixed  with  other  grasses  in  wet  or  swampy  grounds. 

Mr.  Charles  L.  Flint  says : 

It  i«  a  hardy  grass,  grows  best  on  moist  gronud,  but  is  said  to  succeed  also  on 
lightish  upland  soils.  It  is  a  very  valuable  native  grass,  retaining  its  nutritive 
<iaalitie8  until  the  seed  is  ripe,  and  then  sending  up  large  fan-like  shoots  which  are 
succalent  and  nutritious.  It  would  be  a  valuable  ingredient  in  a  mixture  for  wet  or 
moist  pastures. 

(Plate  105.) 

Oltcebia  Canadensis.    (Battlesnake  grass,  Tall  quaking  grass.) 

A  grass  belonging  to  the  northern  portion  of  the  United  States,  usually 
found  in  mountainous  districts,  in  swamps,  and  river  borders,  growing 
iu  clumps.  The  culms  are  stout,  about  3  feet  high,  smooth  and  leafy* 
The  leaves  are  linear-lanceolate,  6  to  9  inches  long,  or  the  lower  ones 
mnch  longer,  about  four  lines  broad  and  rather  rigid.  The  panicle  is 
large  and  effuse,  6  to  9  inches  long,  oblong  pyramidal,  and  at  length 
drooping.  The  whorls  are  an  inch  or  more  distant,  the  branches  semi- 
verticillate,  mostly  in  threes,  the  largest  3  to  4  inches  long,  and  sub- 
divided fi^m  near  the  base.  The  spikelets  are  oblong  to  ovate,  when 
luature  nearly  three  lines  long,  rather  turgid,  but  flattened  at  the  sides, 
usually  six  to  eight  flowered.  The  empty  glumes  are  shorter  tban  the 
flo werin  g  glumes,  ovate-lanceolate,  acute,  purplish,  the  upper  one  largest. 
The  flowering  glumes  are  broadly  ovate,  acute,  Ave  to  seven  nerved,  one 
and  one-half  to  two  lines  long.  The  palets  are  shorter  than  their  glumes 
and  thicker  in  texture,  roundish,  and  obtuse,  with  the  sides  strongly 
reflexed. 

This  is  quite  an  ornamental  grass,  resembling  the  quaking  grass 
iBriza).  Cattle  are  fond  of  it,  both  green  and  when  made  into  hay.  It 
is  well  adapted  to  low  meadows. 
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Hon,  J.  S.  Gould  says: 

It  is  usaally  found  on  high  eleTations,  in  swampy  lands,  and  by  the  marg^ins  of 
streams.  It  is  very  apt  to  grow  in  clumps.  It  is  one  of  the  most  beautiful  of  grasses, 
and  is  exceedingly  ornamental  in  grass  boquets.  It  is  abundant  on  the  Catskill  aod 
White  Mountains  and  on  the  Raquette  waters  of  the  Adironda«ks.  Cattle  eatitTcry 
well  in  pasture  and  when  made  into  hay. 

(Plate  106.) 

Gltgebia  fluita^s.    (Floating  Manna  grass.) 

This  species  grows  in  shallow  water  on  the  margins  of  lakes,  ponds^ 
and  sluggish  streams.  Its  culms  are  usually  3  to  4  feet  high,  rather 
thick  and  succulent  and  quite  leafy.  The  leaves  are  4  to  9  inches  loug 
and  three  to  four  lines  wide.  The  panicle  is  often  a  foot  long,  very  narrow, 
the' short  distant  branches  mostly  in  twos  or  threes,  1  or  2  inches  long^ 
erect  and  close,  each  having  usually  two  to  four  spikelets.  The  spike- 
lets  are  half  an  inch  to  three-quarters  of  an  inch  in  length,  rather  cylin- 
drical and  nearly  of  the  same  thickness  throughout,  seven  to  thirteen 
flowered.  The  outer  glumes  are  membranaceous  and  one-nerved.  The 
flowering  glumes  are  about  two  lines  long,  oblong,  convex  on  theron^hish 
back,  rather  thick,  with  a  thin,  scarious  entire  apex.  The  palets  are  as 
long  or  sometimes  longer  than  their  glumes  and  minutely  two-toothed. 

Hon.  J.  S.  Gould  says : 

This  grass  is  found  growing  in  shallow  water,  overflowed  meadows  and  wet  woodsr 
but  will  bear  cultivation  on  moderately  dry  grounds.  Schreber  says  that  it  is  colti- 
Tated  in  several  parts  of  Germany  for  the  sake  of  the  seeds,  which  form  the  mtnna 
crop  of  the  shops,  and  are  considered  a  great  delicacy  in  soups  and  gruels.  Wlien 
ground  into  meal  they  make  bread  very  little  inferior  to  that  made  from  wheat.  In 
Poland  large  quantities  of  the  seeds  are  obtained  for  culinary  purposes.  All  granit- 
erous  birds  are  exceedingly  fond  of  these  seeds.  Trout  and  indeed  most  fish  are  veiy 
fond  of  them  ;  wherever  it  grows  over  the  banks  of  streams  the  trout  are  always  foond 
in  great  numbers  waiting  to  catch  every  seed  that  falls.  There  is  a  great  difference 
of  opinion  among  agricultural  writers  with  respect  to  the  fondness  of  animals  for  the 
leaves  and  culms  of  this  grass.  We  have  often  seen  the  ends  of  the  leaves  cropped  by 
cattle,  but  have  never  seen  the  culms  or  root-leaves  touched  by  them.  On  the  otber 
hand,  reliable  writers  have  asserted  that  cattle,  horses,  and  swine  were  alike  fond 
of  it. 

Festuca. 

This  is  a  large  genus,  of  which  we  have  some  fifteen  native  and 
several  introduced  species.  The  genus  is  characterized  as  follows: 
Spikelets,  three  to  many  flowered,  variously  panicled,  pedicellate; 
axis  of  the  spikelets  not  hairj-,  outer  glumes  unequal,  shorter  than  the 
flowers,  the  lower  one-nerved  and  the  upper  three-nerved,  narrow^ 
keeled,  acute;  flowering  glumes  membranaceous,  chartaceous,  or  sub- 
coriaceous,  narrow,  rounded  on  the  back  (not  keeled),  more  or  less  dis- 
tinctly three  to  five  nerved,  acute,  or  commonly  tapering  into  a  straight 
awn,  rarely  obtusish;  palet  narrow,  flat,  prominently  two-nerved  or  two- 
keeled. 
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Festuca  elatior.    (Meadow  Fescae  grass,  Tall  Fescue,  Bandall  grass, 

Evergreen  grass.) 

A  perennial  grass,  growing  from  2  to  4  feet  high,  with  flat,  broadish 
leaves  about  a  foot  long.  The  panicle  is  somewhat  one-sided,  loose, 
and  spreading  when  in  flower,  contracted  after  flowering,  from  6  to 
10  inches  long,  the  branches  1  to  2  inches  long,  erect,  mostly  in  pairs* 
below,  single  above,  subdivided;  the  spikelets  are  lanceolate  or  linear, 
about  half  an  inch  long,  five  to  ten  flowered.  The  outer  glumes  are 
one  and  three  nerved,  shorter  than  the  flowers;  the  flowering  glpmes 
are  lanceolate,  about  three  lines  long.  Arm  in  texture,  five-nerved,  scari- 
ous  at  the  margin,  acute,  and  sometimes  with  a  short  but  distinct  awn 
at  the  apex.  This  is  an  introduced  species,  now  iVequentlj  met  with 
in  meadows;  it  is  one  of  the  standard  meadow  grasses  of  Europe- 
Cattle  are  said  to  be  ver^'  fond  of  it,  both  green  and  as  hay.  There  is 
a  smaller  form  or  variety  which  is  the  variety  pratensis  or  Festuca  pror 
ieMiSy  Hudson. 

Professor  Killebrew,  of  Tennessee,  writes  of  this  grass  as  follows : 

This  gnua  has  reeeived  some  attention  in  different  parts  of  the  State,  and  has  met 
with  a  wano  reception  from  those  testing  it.  It  ripens  its  seed  long  before  any  other 
grass,  and  consequently  affords  a  very  early  nip  to  cattle.  It  has  been  raised  under 
▼arions  names,  in  Virginia  as  "  Randall  grass/'  and  in  North  Carolina  as  ''  evergreen 
grass."  Mr.  James  Taylor,  writing  from  North  Carolina,  says:  "The  evergreen  grass 
is  very  good  for  pasturing  through  the  fall  and  winter.  It  wiU  do  best  wheh  sown 
on  dry  land,  and  is  well  adapted  to  sheep.  It  grows  well  on  rocky  soil  to  the  height 
of  4  or  5  feet  when  ripe,  continuing  green  in  the  spring,  and  affording  fine  herbage 
throughont  the  winter.  It  is  best  to  sow  in  the  spring  with  oats.  A  peck  of  weU- 
eleaned  seed  is  epongh  for  an  acre,  or  a  bushel  in  the  chaff.  It  ripens  about  the  1st 
of  June.  If  sown  in  the  spring  this  grass  will  not  go  to  seed  before  the  next  year, 
but  if  sown  in  the  faU  it  will  bring  seed  the  next  spring."  From  the  limited  culti- 
vation it  has  met  with  in  Tennessee,  it  seems  rather  to  be  better  adapted  to  moist,  low 
lands,  though  I  have  seen  it  growing  on  some  of  the  high  ridges  of  East  Tennes- 
see, at  least  1,500  feet  above  the  sea.  There  it  thrives  luxuriantly  and  makes  a  very 
SDperior  pasture. 

Professor  Phares,  of  Mississippi,  says : 

It  grows  well  in  nearly  all  situations,  wet  or  dry,  on  hill  or  bottom  laud,  even 
though  subject  to  overflow,  and  matures  an  extraordinary  quantity  of  seed.  The 
seeds  germinate  readily,  and  it  is  easy  to  set  a  piece  of  land  with  this  grass.  Seeded 
alone,  28  pounds,  or  about  2  bushels,  of  seed  should  be  sown  broadcast  in  August,  Sep- 
tember, October,  or  from  the  middle  of  February  to  the  1st  of  April.  From  remain- 
ing green  through  the  winter  it  is  sometimes  called  '*  evergreen  grass.''  Mowed  and 
dried  it  makes  a  good  bay,  much  relished  by  stock. 

(Plate  107.) 

Festuja  ovina.    (Sheep's  Fescue  grass.) 

A  densely- tnfted,  perennial  grass,  with  an  abundance  of  rather  nar- 
row, sometimes  involute,  short  radical  leaves  and  slender  culms,  1  to 
\\  feet  high.  The  panicle  is  2  to  1  inches  long,  narrow,  the  branches 
mostly  single  and  alternate,  erect  and  few-floweied ;  the  spikelets  are 
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mostly  three  to  five -flowered,  and  abont  three  lines  long;  the  outer 
glumes  are  acute  and  narrow.    The  flowering  glumes  are  lanoeolate^ 
two  lines  long,  ronghish,  and  with  a  short  rough  awn  abont  half  a  hue  , 
long. 

This  species  has  many  varieties,  both  in  this  country  and  in  Eniopei 
It  is  indigenous  in  the  mountainous  parts  of  New  England,  in  the  Bodkj 
Uountains,  and  in  various  Northern  localities. 

As  found  in  cultivation  it  has  been  derived  from  Europe. 

Hon.  J.  Gtould,  of  New  York,  says : 

It  forms  the  gnat  bulk  of  the  sheep  pastnies  of  the  highlands  of  Seothuad,  wtee 
it  is  the  fftToiite  food  of  the  sheep,  and  where  the  shepherds  believe  it  to  be  mtm 
nutritions  for  their  flocks  than  any  other.  Gmelin  says  that  the  Tartais  cIkmms  ts 
encamp  during  the  summer  where  this  grass  is  most  abundant,  because  they  believt 
that  it  affords  the  most  wholesome  food  for  all  cattle,  but  especially  for  sheep.  Ksi- 
ure  di«tributes  it  among  dry,  sandy,  and  rocky  soils,  where  scarcely  any  other  speeiw 
wonlil  grow.  It  is  without  doubt  the  very  best  of  the  grasses  growing  on  sandy  seila 
It  roots  deeply,  and  forms  a  dense,  short  turf,  which  adapts  it  admirably  for  lawM 
aud  pleasure-grounds  where  the  soil  is  sandy.  It  is  almost  useless  as  a  hay  crap,  si 
its  leaves  and  culms  are  too  fine  to  give  a  remunerative  amount  of  hay ;  it  is  only  si 
a  pasture  grass  on  sandy  soils  that  it  is  valuable,  and  in  these,  when  highly  masmed, 
it  is  driven  out  by  the  more  succulent  species.  It  is  often  found  4,000  feet  above  the 
leyel  of  the  sea.    Its  seeds  weigh  about  14  pounds  to  the  bushel. 

(Plate  108.) 

FEStUGA  MiOBOSTACHTS.    (Small  Fescue  grass,  Western  Fescue.) 

A  slender  annual  grass,  which  is  very  common  in  California  and 
Oregon,  considerably  like  the  small  fescue  (Festuoa  tenella).  The  colms 
are  slender,  6  to  18  inches  high  ;  the  leaves  are  short  and  narrow.  The 
panicle  is  from  2  to  5  inches  long,  with  rather  distant  short  branched} 
which  are  mostly  single  at  the  joints,  and  apt  to  be  one-sided,  s<Hne- 
times  with  the  lower  bmnches  spreading  or  reflexed.  The  spikeletsare 
small,  from  two  to  five  flowered,  on  short,  thickened  pedicels,  varyiog 
from  smooth  to  pubescent.  The  outer  glumes  are  acute,  about  a  line 
long.  The  flowering  glumes  are  two  or  three  lines  long,  with  an  awn 
nearly  twice  as  long ;  the  palets  have  each  two  short,  bristle-like  teetii, 
which  often  project  beyond  the  flowering  glume.  The  grass  is  of  little 
value,  except  as  it  helps  to  extend  the  pasturage  of  uncultivated  ground. 
(Plate  109.) 

Festuoa  sgabbella.    (Bunch  grass.) 

A  perennial  grass,  growing  in  strong  clumps  or  bunches,  and  hence 
called  ^' bunch  grass."  It  is  a  native  of  the  Bocky  Mountain  region, 
from  Colorado  westward  to  California  and  Oregon.  The  culms  are  usu- 
ally 2  to  3  feet  high,  erect,  and  smooth;  the  radical  leaves  are  numerous, 
about  half  as  long  as  the  culm,  generally  rigid,  involute,  and  s&abroos 
on  the  margins ;  the  blade  is  prone  to  separate  when  old,  leaving  an 
abundance  of  leafless  sheaths  at  the  base ;  the  cauline  leaves  are  about 
two,  short  and  ]K>inted,  2  to  4  inches  long;  the  sheath  scabrous,  the  Iig* 
ule  short  or  wanting ;  the  panicle  is  usually  3  to  5  inches  long ;  the 
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rays  spreading:,  1  to  3  ioehes  long,  distant,  usually  in  pairs  below,  single 
above,  subdivided  to  the  middle ;  spikelets  five  to  six  lines  long,  three 
to  five  flowered,  the  flowers  rather  distant ;  outer  glumes  ovate-lanceo- 
late, membranaceous,  acute  or  aeuteish,  obscurely  nerved,  the  upper 
one  two  lines  Imig,  the  lower  one-third  shorter ;  flowering  glumes  lanceo- 
late, acute,  or  short  cuspidate,  about  flve-nerved,  minutely  scabrous,  of 
thicker  texture  than  the  outer  glumes;  palet  as  long  as  its  glume,  two- 
nerved,  bifld  at  the  apex. 

This  grass  varies  greatly  in  size  and  appearance  in  different  locali- 
tiesy  one  form  in  Oregon  and  California  growing  3  to  5  feet  high,  with 
jpanicle  twice  as  large  as  the  mountain  form.  Cattle  are  said  to  be  fond 
of  it,  and  it  is  considered  one  of  the  most  valuable  wild  grasses  of  the 
region  where  it  grows.    (Plate  110.) 

Broxus. 

Spikelets  five  to  many  flowered,  subterete  or  compressed,  the  axis 
emooth ;  the  outer  glumes  more  or  less  unequal,  shorter  than  the  flow- 
ers, membranaceous,  acute,  one  to  nine  nerved,  awnless  or  short  mu- 
cronate;  flowering  glumes,  membranaceous  to  rigid-subcoriaceous, 
rounded  on  the  back,  or  compressed  or  keeled,  five  to  nine  nerved, 
acute  or  awned  from  below  the  mostly  two-cleft  apex ;  palet  commonly 
rather  shorter  than  its  glume,  two  keels,  the  keels  rigid  and  ciliate. 

Bbohus  segalinus.    (Chess  or  Cheat.) 

We  introdace  this  grass,  not  to  recommend  its  cultivation,  but  to 
familiarize  those  interested  with  its  appearance  and  character.  Many 
farmers  know  it  well,  as  it  occurs  in  their  wheat  flelds.  It  is  an  old 
tradition,  which  some  fiirmers  still  cling  to,  that  chess  is  a  degenerated 
wheat;  that  the  action  of  frost  and  other  causes  occasion  the  deteriora- 
tion, whereas  the  truth  undoabtedly  is  that  chess  seed  was  either  in  the 
land  or  in  the  seed  sown,  and  being  more  hardy  than  wheat  it  survived 
the  frost  and  took  x>ossession  of  the  ground.  Some  years  ago  this  grass 
had  a  temporary  popularity  under  the  name  of  Willard's  Brome  grass, 
bat  it  was  soon  abandoned  when  brought  into  competition  with  better 
grasses. 

It  has  a  stout  upright  culm,  2  to  3  feet  high,  the  panicle  being  from 
4  to  0  inches  long,  rather  spreading,  and  the  large  spikelets  somewhat 
drooping  when  ripe.  Usually  there  arc  three  to  five  branches  at  each 
joint  of  the  panicle ;  these  branches  are  of  different  lengths,  from  i 
inch  to  2  inches,  and  each  with  one  to  three  spikelets.  The  spikelets 
are  usually  from  five  to  ten  flowered;  the  glumes  unequal,  nerved, 
shorter  than  the  flowers ;  the  flowering  glume  Is  convex  or  compressed, 
keeled  on  the  back,  with  an  awn  variable  in  length  from  below  the 
point. 

In  the  South  it  would  perhaps  be  a  good  winter  grass,  like  its  relative 
Br<nnu$  umolaidesj  but  it  is  not  as  vigorous  a  grass  as  that  species,  and 
does  not  produce  such  an  abundance  of  foliage.    (Plate  111.) 
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BBOHT7S  TJNiotoiDES.    (Scbrader's  gn»8,  Bescae  grass.) 

This  is  one  of  the  so-cskUed  winter  grasses ;  that  is,  it  makes  in  tbe 
South  a  large  share  of  it-s  growth  during  the  winter  months.  It  belong» 
to  the  chess  or  cheat  family.  In  its  early  growth  it  spreads  and  pro- 
dnoes  a  large  amount  of  leaves ;  early  in  the  spring  it  sends  up  its  flower 
stalks,  which  grow  about  3  feet  high,  witli  a  large,  open,  spreading^ 
panicle,  the  ends  of  the  branelilets  bearing  the  large  flattened  spikelets^ 
which,  when  mature,  hang  gracefully  upon  their  stems,  giving  thea 
quite  an  ornamental  appearance.  These  spikelets  are  from  1  inch  to  1^ 
inches  in  length,  and  composed  of  two  acute  lanceolate  glumes  at  tlie 
base,  and  from  seven  to  ten  flowers  arranged  in  two  rows  alternate  on 
each  side  of  the  axis.  The  flowers  are  lanceolate,  or  ovate-lanceolate, 
the  flowering  glume  extending  into  a  fine  point  or  short  awn. 

During  several  years  past  this  grass  has  been  sent  to  this  Departmest,. 
chiefly  from  Louisiana  and  Texas,  and  has  been  much  commended. 
Many  years  since  the  same  grass  was  distributed  and  experimented 
with  under  the  name  of  Australian  oats,  or  Bromtts  Schraderi.  It  is  not 
adapted  to  use  in  a  country  with  severe  winters,  and  hence  did  not  give 
satisfaction  in  all  places.    Mr.  C.  Mohr,  of  Mobile,  says  of  it : 

Only  of  late  years  found  Bpreadtng  in  different  parts  of  this  8i»te;  makes  its  tp- 
pearance  in  Febmaiy,  grows  in  tufts,  its  numerous  leafy  stems, growing  fkom  2  to  ^ 
feet  high ;  it  ripens  the  seed  in  May ;  affords  in  the  earlier  months  of  spring  a  macli- 
relished  nutritious  food,  as  well  as  a  good  hay. 

Under  date  of  March  4, 1878,  Mr.  Williams  writes  from  San  Antonio^ 
Tex.,  describing  the  intixxiuction  and  spreading  of  a  patch  of  this  grass. 
He  says : 

Inasmuch  as  Western  Texas  is  the  great  stock-producing  section  of  the  South wefti^ 
and  considering  the  fact  that  pasturage  is  scanty,  particularly  in  February,  stuntiog 
the  growth  of  young  cattle,  this  seems  wonderfully  adapted  to  supply  just  what  is 
greatly  wanted,  both  for  milch  cows,  calves,  colt<s,3nd  ewes  just  dropping  their  lamlis; 
and  besides,  this  grass  grows  well  on  theithinnest  soil  and  crowds  out  weeds,  matuno^ 
in  March  and  early  April,  while  not  interfering  with  the  native  mesquite,  I  thereforo 
T^ard  this  grass  as  a  wonderful  and  most  important  discovery. 

This  grass  is  said  to  have  been  introdaced  into  Georgia  by  General 
Iverson,  of  Coluinbas,  and  by  bim  called  rescue  grass.  The  favorable 
opinion  which  it  at  first  received  does  not  seem  to  have  been  well  sus- 
tained in  that  State. 

Professor  Phares,  of  Mississippi,  says: 

This  grass  is  also  called  Bromua  Schraderi,  B,  WilldenovH,  Ceratochloa  unioloides,  and 
FesiMca  unioloidea.  It  is  an  annual  winter  grass.  It  varies  in  the  time  of  starting 
growth.  I  have  seen  it  ready  for  mowing  the  first  of  October,  and  furnish  frequent 
cuttings  till  April.  Again,  it  may  not  start  before  January,  nor  be  ready  to  cut  tiU 
February.  This  depends  on  the  moisture  and  depression  of  temperature  of  the  fsll^ 
the  seeds  germinating  only  at  a  low  temperature.  When  once  started,  its  growth 
after  the  succeseive  cuttings  or  grazings  is  very  rapid.  It  is  tender,  very  sweety  and 
stock  eat  it  greedily.  It  makes  also  a  good  hay.  It  produces  an  immense  qaantity 
of  leaves.    On  loose  soil  some,  of  it  may  be  pulled  up  by  animals  grazing  it. 

(Plate  112.) 
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Bbomus  brectus.    (Erect  Brome  graaa.) 

This  is  a  European  species,  which  has  become  sparingly  naturalized 
ill  some  places.  It  is  a  perennial  grass,  growing  about  2^  feet  high,, 
the  cnlms  erect,  firm,  and  smooth.  The  leaves  are  narrowly  linear,. 
mostly  radical,  or  at  the  base  of  the  stem.  The  panicle  is  somewhat 
oblong  in  oatline,  5  or  6  inches  long,  the  branches  mostly  in  fives,  1  to* 
2  inches  long,  slender,  erect,  not  much  subdivided,  and  each  terminated 
with  the  pretty  large  spikelet  of  seven  to  nine  flowers.  The  spikelet»* 
are  abont  1  inch  long.  The  empty  glomes  are  lanceolate,  thinnish,. 
aente,  rather  shorter  than  the  flowering  glumes,  which  are  about  flve  lines 
long,  linear-lanceolate,  slightly  rough,  and  pointed  with  an  awn  of  half 
to  three-quarters  its  own  length. 

This  species  is  not  so  coarse  as  many  of  the  brome  grasses,  and  will 
be  more  useful  for  hay.  It  is  of  the  same  genus  as  chess  or  cheat,  but 
is  very  different  from  and  should  not  be  confounded  with  broom  grass,, 
which  is  an  Andropogon  and  much  less  valuable.    (Plate  113.) 

We  have  several  other  native  species  of  this  genus,  and  there  are 
several  species  growing  in  Oalifomia,  Oregon,  and  the  mountain  region, 
of  the  Pacific  slope.  The  most  important  of  these  is  the  Bramus  grandi- 
florusy  which  is  in  many  respects  like  the  Bramus  unioloideSj  but  of  a. 
larger  growth  and  with  larger  spikelets.  Bromus  fnollis^  Bromua  rttce-^ 
mosusj  Bromu9  aterilisj  and  some  other  European  species  are  occasion- 
ally found  introduced. 

LoLiUM  PERSNNE.    (Bye  grass  and  Italian  Bye  grass.) 

A  perennial  grass,  introduced  from  Europe.  The  culms  are  2  to  3- 
feet  high,  very  leafy,  and  terminating  in  a  loose,  spike-like  panicle,  & 
inches  or  more  in  length.  The  spikelets  are  arranged  alternately  on. 
the  axis,  placed  edgewise ;  that  is,  with  one  edge  of  the  flat  spikelet 
applied  to  the  main  stem  at  short  distances,  so  that  there  may  be  twenty 
or  more  in  the  panicle.  The  spikelets  are  one-half  to  three-fourths  of  an 
inch  long ;  generally  seven  to  eleven  flowered.  The  inner  empty  glume 
is  generally  wanting,  so  that,  except  on  the  terminal  spikelet,  only  one 
glume  is  apparent,  which  is  half  or  more  than  half  the  length  of  the 
spikelet,  narrowly  lanceolate,  and  acute.  The  general  appearance  of 
the  panicle  is  like  that  of  couch  grass  {Tritietim  repens).  The  flowering 
glames  are  thickish,  obscurely  nerved,  rather  hispid,  acutely  pointed,, 
or  in  the  variety  Italicumj  with  a  longish  awn.  The  proper  palets  are 
similar  to  the  flowering  glumes  and  of  nearly  equal  length. 

An  intelligent  writer,  whom  we  have  frequently  quoted,  says  respect- 
ing this  grass : 

It  occnpies  the  same  place  in  Great  Britain  that  timotby  does  with  ns,  and  is  there 
esteemed  onAhe  whole  higher  than  any  other  species  of  grass,  and  is  called  rye  grass- 
or  ray  grass.  Of  all  the  varieties  of  LoUum  perenne  which  are  known  that  called 
Ilalicum  is  by  far  the  most  valaable.  Its  spikelets  are  conspicuously  bearded,  the 
flowers  being  all  terminated  by  long,  slender  awns,  which  character  distiugaishes  it 
very  easily  from  Lolium  perenne.    Its  name  (Italian  rye  grass)  is  derived  from  the  fact 
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that  its  native  habitat  is  on  the  plains  of  Lombardy,  where  broad  and 
plains  of  pasture  land  are  frequently  inundated  by  the  mountain  streams  which  ial»  i 
«ect  them.  It  is  mainly  adapted  to  irrigated  meadows,  and  in  these  it  is  undcmbtedli , 
superior  to  any  other  grass.  I 

Professor  Phares  says : 

This  grass  stands  drought  well  and  grows  most  luxuriantly  in  our  Southern  Static  I 
If  not  kept  grazed  or  mowed,  however,  the  leaves  cover  the  ground  so  deefdy  «i| 
•densely  that  an  excess  of  rain  in  very  hot  weather  in  the  extreme  South  causes  it  t»| 
rot  suddenly,  destroying  even  the  roots.  This  I  have  never  seen  or  heard  mentioMi' 
by  any  other  person,  but  it  occurred  on  my  own  Urm  one  season,  where  I  was  iisiit- 
ing  a  lot  for  seed. 

Hon.  J.  S,  Gronld  says :  ' 

The  valuable  qualities  of  this  grass  may  be  summed  up  as  follows:  Its  habit  dl 
•coming  early  to  maturity ;  its  rapid  reproduction «ller  cutting;  its  wonderful  adapl{ 
«tion  to  all  domestic  animals,  which  is  shown  by  the  extreme  partiality  they  maoifti^ 
for  it,  either  alone  or  when  mixed  with  other  grasses,  whether  when  need  as  gmi 
food  for  soiling,  as  hay  or  as  pasturage,  in  which  latter  stage  its  stems  are  neii^ 
allowed  to  ripen  and  wither  like  those  of  otber  grasses.  One  of  its  greatest  ii>ee» 
mendations  is  its  beneficial  iuflnence  on  the  dairy,  not  only  in  augmenting  the  iev 
of  milk,  but  in  improving  the  flavor  of  the  cheese  and  butter  that  are  made  from  it 

(Plate  114.) 

AGEOPYBUM.    ( Triticufn.) 

This  genas  is  by  many  botanists  ooosidered  as  a  section  of  Trtl»eM% 
and  our  species  are  best  known  under  that  name.  Tha  spikelets  M 
usually  from  three  to  five  flowered,  compressed,  alternately  sessile  » 
the  continuous  or  slightly  notched  axis  of  the  simple  spike  and  witfc 
the  side  of  the  spikelets  against  the  axis ;  the  outer  glumes  are  neaiff 
•equal  membranaceous  or  herbaceous,  one  to  three  nerved,  scareeU 
keeled,  tapering  to  a  point,  or  awned ;  flowering  glumes  similar  to  tii 
•outer  ones,  but  generally  broader,  rounded  on  the  back,  three  to  sera 
nerved,  pointed  or  awned  irom  the  apex;  thepalet  nearly  as  longrfl 
its  glume,  the  two  prominent  nerves  almost  marginal  and  ciliate. 

AaBOPYBUM  BEPENS.     (Tritieum  repens.)    (Couch  grass,  Quack  gnsti 
Quitch  grass.  Wheat  grass,  Twitch  grass,  Dog  grass.) 

There  has  been  a  good  deal  of  discussion  relative  to  this  grass,  wati 
pronouncing  it  one  of  the  vilest  of  weeds,  and  others  claiming  for  I 
high  nutritive  qualities  overweighing  all  the  disadvantages  of  in 
growth.  Whichever  party  may  be  right,  it  is  proper  that  fiBumen 
should  be  acquainted  with  it  in  order  to  know  how  to  treat  it,  and  heM 
our  figure  and  description.  It  forms  a  dense  sod  by  means  of  its  tJi 
reaching  rhizomas  or  root-stalks,  which  have  short  joints,  and  root  tearfl 
ciously  at  every  joint. 

It  haA  an  abundance  of  foliage,  and  sends  up  a  flowering  calm,  2  tol 
feet  high,  which  is  terminated  by  a  dose,  narrow  spike  of  flowers  ftml 
3  to  6  inches  long.  This  spike  consists  of  a  succession  of  elosely-Ml 
spikelets,  one  at  each  joint  of  the  axis,  and  placed  flatwise  with  the  sii 
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against  the  stalk.  Each  spikelet  contains  several  (three  to  eight)  flow- 
ers, with  a  pair  of  nearly  equal  and  opposite  three  to  Ave  nerved  glomes 
at  the  base. 

This  grass  as  it  occurs  in  the  Eastern  States  is  supposed  to  be  Intro- 
daoed  from  Europe",  but  on  the  great  Western  plains  and  in  the  Bocky 
Moantains  there  are  several  varieties  of  it  which  are  undoubtedly  in- 
digenous,  as  also  several  other  species  in  the  same  region. 

Hon.  J.  S.  Gould  says : 

The  fanners  of  the  United  States  unite  in  one  continuous  howl  of  excreat ion  against 
this  grass,  and  it  seems  strange,  when  every  man's  hand  is  against  it,  that  it  is  not 
exterminated.  Yet  we  could  never  really  satisfy  ourselves  that  its  presence  in  mead- 
ows and  pastures  was  such  an  unmitigated  corse.  In  lands  where  alternate  hus- 
bandry is  practiced,  it  must  be  admitt-ed  to  be  an  evil  of  great  magnitude.  Its  hardi- 
ueas  is  such,  and  its  rapidity  of  growth  is  so  great  that  it  siirings  up  much  more 
rapidly  than  any  other  crop  that  can  be  planted,  and  chokes  it.  Still  it  has  many 
virtues.  It  is  perfectly  cosmopolitan  in  its  habits.  It  is  found  in  all  sorts  of  soils 
and  climates.  Its  creeping  roots  are  succulent,  and  very  nutritive,  and  are  greedily 
devovoured  by  horses  and  cows. 

Professor  Phares,  of  Mississippi,  says: 

This  is  perennial,  with  stem  2  or  2^  feet  high,  so  much  like  wheat  as  to  be  called  also^ 
wheat  grass.  Cattle  eat  it  heartily  when  green,  and  cut  early  it  makes  a  good  hay. 
Bat  it  fiUs  the  ground  with  roots,  is  as  difficult  to  cultivate  amongst  and  exterminate 
as  c«>co  or  nut  grass ;  and  hogs  are  as  fond  of  and  root  up  the  ground  as  industriously 
to  obtain  the  roots.  Cows  and  horses  are  also  fond  of  them.  It  should  be  destroyed 
as  soon  as  found  in  cultivated  ground,  but  it  is  very  valuable  in  permanent  pastures. 

(PLite  115.) 

AoROPYBUM  GLAUOUM.    (Blue  Stem,  Blue  joint.) 

This  species,  which  has  also  been  considered  a  variety  of  the  preced- 
ingy  prevails  on  the  Western  plains  from  Texas  to  Montana,  and  is  well 
known  to  stockmen.  It  differs  from  the  A.  repenig  in  having  a  stouter, 
more  rigid  stem  and  leaves ;  the  leaves,  indeed,  often  becoming  involute 
and  stiff.  It  is  also  of  a  light  bluish-green  color.  The  spike  is  gen- 
erally shorter,  denser,  and  with  larger  spikelets. 

Mr.  Bichard  Gaines,  of  Colorado  Springs,  Colo.,  says : 

We  think  this  is  the  best  grass  grown,  superior  to  timothy  or  clover.  We  call  it 
bhw  stem,  or  blue  Joint ;  no  richer  hay  can  be  made  from  anything  known. 

HoBDEUM  190D0SUM.    (Barley  grass.) 

An  annual  or  biennial  grass,  growing  principally  in  alkaline  soils  and 
on  the  borders  of  saline  marshes,  especially  in  the  Western  States  and 
Territories.  Although  eaten  by  cattle  when  in  a  young  state,  it  cannot 
be  claimed  as  of  anything  more  than  temporary  value.  The  culms  are 
usually  1  to  1^  feet  high,  sometimes  in  moist  places  reaching  3  feet,  and 
varying  as  to  smoothness  or  pubescence.  The  leaves  are  usually  flat, 
2  to  4  inches  long,  and  about  two  lines' wide.  The  flowers  are  in  a  clorte, 
cylindrical  spike,  about  2  inches  long,  with  three  spikelets  at  each  joint 
of  the  rachis.    One  (the  central)  spikelet  is  sessile  and  perfect;  the  two 
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lateral  oneH  are  «hort-8talked  and  imperfect  or  abortive.    Each  of 
«pikelet8  has  a  pair  of  empty  glumes,  which  are  narrowly  lanceoli 
and  awn-pointed,  or  the  lateral  ones  may  be  reduced  to  rough  bi 
The  flowering  glume  of  the  perfect  flower  is  lanceolate,  indistinctly  thi 
nerved,  and  terminated  by  an  awn  one-quarter  to  one-half  inch  k 
equaling  those  of  the  empty  glumes.    The  proper  palet  is  incloaed 
its  glume,  is  of  about  the  same  length  as  that,  excluding  the  awn, 
•of  thinner  texture.    (Plate  116.) 

HoRBEUM  JUBATUM.    (Wild  barley,  Squirrel  tail  grass.) 

This  8ipecies  ha«  the  same  general  charactei^s  as  the  preceding,  bnj 
the  flowers  have  awns  2  inches  or  more  long,  giving  it  a  bushy  and  rath< 
handsome  appearance.    It  is  frequently  found  in  wet  or  marshy  pli 
^nd  is  of  no  agricultural  value. 

HoEDiUM  murinum:. 

Professor  Brewer  states  that  this  grass,  unfortunately  is  exten»veli 
^naturalized  in  California,  and  is  a  vile  pest ;  it  comes  in  when  land 
overstocked ;  is  knowii  there  as  "  Squirrel  grass,'' "  Squirrel  tail,"  "  ¥o: 
tail,"  and  "  White  oats."  The  heads  break  up  and  the  barbed  see< 
work  into  the  wool  ef  sheep,  and  even  into  the  flesh  of  lambs,  kiUioi 
•them.    It  damages  the  eyes  and  throats  of  animals. 

Elymus.    (Wild  rye.) 

Of  this  genus  we  have  several  species.    Its  general  characters  are 
tfollows :  Spikelets  in  a  simple,  generally  stout,  spike,  sessile,  two  tofoi 
at  each  joint  of  the  axis,  one  to  six  flowered ;  outer  glumes  two  for  eae] 
.'Spikelet,  nearly  side  by  side  in  front,  forming  a  kind  of  involucre  for 
cluster,  narrow,  rigid,  one  to  three  nerved,  acuminate  or  awned ;  floi 
«ring  glumes  herbaceous,  thick  and  harsh,  oblong  or  lanceolate,  ronndi 
on  the  back,  not  keeled^  acute,  or  awned ;  palet  shorter  than  its  glai 
acute,  two-keeled, 

iELYMUB  Canadensis.    (Wild  rye,  Lyme  grass,  Terrell  grass.) 

A  perennial  coarse  grass,  growing  on  river  banks  and  in  rich  shad< 
woods.    Culms,  2  to  4  feet  high,  leafy,  terminated  by  a  cylindrical  h 
.spike,  4  to  8  inches  long,  with  the  spikelets  placed  at  intervals  of  al 
half  an  inch  on  the  axis.    The  spikelets  are  mostly  in  pairs  at  each  join! 
<each  composed  of  from  three  to  Ave  flowers.    The  glumes  are  narrow 
strongly  nerved,  and  tapering  to  an  awn  which  is  rather  shorter  thi 
the  awn  of  the  flowers  proper.    The  floweriqg  glume  of  each  flower 
iihick  in  <texture,  narrow^  and  extending  into  a  long,  somewhat  carv< 
Awn  or  beard,  the  palet  with  the  awn  being  an  inch  or  more  in  length 
The  palet  is  thinner  in  texture,  obtuse,  and  not  awned,  fiiuged  wit 
:short  hairs  on  the  margin.    The  spike  is  usually  drooping  at  the  U 
JSLUA  rather  .graceful  iu  appearance.    The  leaves  are  broad  and  roagj 
the  lower  ones  ^  to  12  iivches  long. 
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In  some  localities  this  is  common  in  low  meadows,  and  is  cnt  with 
other  native  grasses  for  hay.  If  left  until  maturity'  it  becomes  too 
-coarse  to  be  of  much  value.  In  some  portions  of  the  Southern  States 
this  grass  is  known  as  Terrell  grass  from  having  been  prominently 
brought  to  notice  by  Dr.  Terrell,  of  Sparta,  Ga.  Mr.  C.  W.  Howard 
writes  concerning  It,  as  follows: 

This  graes  will  live  on  thin  land,  bnfc  tbe  soil,  to  make  it  valnable,  must  be  rich — 
the  richer  the  better.  It  lasts  for  years.  I  have  known  it  to  oocnpy  and  flourish  on 
the  same  spot  for  twenty  years.  Horses,  sheep,  and  cattle  are  very  fond  of  it  during 
the  winter  and  spring ;  hogs  reject  it.  Orchard,  blue,  or  meadow-oat  grass  are  either 
of  them  preferable  to  it  where  they  thrive.  Whatever  doubt  there  may  be  of  their 
thriving  in  a  given  locality,  there  can  be  no  doubt  of  the  thrift  of  the  Terrell  grass  in 
4iny  port  of  the  South,  however  hot  it  may  be,  if  the  soil  be  made  rich.  The  planter 
living  in  the  flat  and  somewhat  sandy  portions  of  the  South  who  says  he  cannot  get 
^  good  winter  pasture,  has  certainly  never  tried  the  Terrell  grass  on  rich  land. 

(Plate  117.) 

Elymtjs  ViEGiNiotis.     (Wild  Rye  grass,  Smooth  Rye  grass,  Terrell 

grass.) 

A  coarse  perennial  grass,  growing  on  alia  vial  river  banks  or  in  rich 
low  gronnds.  The  culm  is  rather  stout,  2  to  3  feet  high,  leafy ;  the  lower 
leaves  are  10  to  15  inches  long,  broad  and  rongh.  The  sheath  of  the 
upper  leaf  nsnally  incloses  the  stock,  and  sometimes  the  base  of  the 
flower  spike.  This  spike  is  erect,  dense,  and  rigid,  2  to  4  or  5  inches  long 
and  one-half  inch  thick.  The  spikelets  are  two  or  three  together  at  each 
joint,  all  alike  and  fertile,  sessile,  two  to  five  flowered,  and  each  with 
a  pair  of  empty  glnmes.  These  glnmes  are  very  thick  and  coarse 
strongly  nerved,  lanceolate,  and  bristle-pointed,  about  1  inch  long.  The 
flowering  glumes  are  of  Arm  texture,  lance-oblong,  five-nerved,  hairy 
on  back,  and  terminating  in  a  stiff,  straight  awn,  half  an  inch  to  nearly 
an  inch  long.  The  lowest  one  in  the  spikelet  having  the  longest  awn, 
the  others  gradually  shorter.  The  palet  Is  oblong,  obtnse,  and  as  long 
as  the  flowering  glume,  excluding  the  awn. 

This  grass  frequently  forms  a  considerable  portion  of  native  meadow 
lands  and  makes  a  coarse  hay.  It  starts  growth  early  in  the  spring, 
and  thus  affords  a  good  pasturage.  Professor  Killebrew,  of  Tennessee, 
says  it  is  very  valuable  and  ought  to  be  tried  in  cultivation. 

Professor  Pharos,  of  Mississippi,  says : 

This  perennial  grass  is  a  native  of  the  Southern  States.  As  all  farm  stock  except 
hogs  are  fond  of  it,  and  it  is  green  through  the  winter  and  spring,  it  has  been  de- 
etrojed  Trhen  grazing  animals  have  access  to  it  at  all  times.  It  is,  however,  fonnd 
in  many  of  onr  States  along  the  banks  of  wooded  streams,  of  ditches,  and  in  fenee- 
comers  among  briers  and  thickets.  It  will  grow  on  thin  clay,  graveUy,  or  sandy  soil^ 
but  much  better  on  rich  lands,  dry  or  rather  moist,  and  will  thrive  ten,  twenty,  or 
more  years  on  the  sat»e  land. 

<Plate  118.) 
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Elymus  striatus.    (Smaller  Bye  grass,  Dennett  grass). 

This  grass  has  a  stractare  as  to  the  flower-spike  similar  to  the  pre- 
ceding, bat  it  is  a  more  slender  grass  in  all  its  parts,  varying  fnm 
smooth  to  pubescent.  The  spike  is  3  to  4  inches  long,  cylindrical,  and . 
inclined  to  droop.  The  glumes  are  more  slender  than  in  E.  Virffinteugj 
with  longer  awns.  The  spikelets  are  usually  two-flowered,  the  emptf 
glumes  narrow,  rigid,  and  about  1  inch  long.  The  body  or  dilated  part 
of  the  flowering  glume  is  oblong,  about  four  lines  long,  and  tipped  with 
a  slender  awn  an  inch  or  more  in  length. 

This  species  grows  in  rocky  woods  and  on  river  banks,  growing  more 
sparsely  than  the  preceding,  and  it  is  said  by  some  to  furnish  a^good 
hay. 

Professor  Phares  says  of  this  species: 

This,  also,  is  a  perennial  and  a  native  of  the  Southern  States.  Everything  said  of 
the  preceding,  E.  VirginicMf  applies  with  equal  force  to  this,  except  the  spikes  of  this 
are  3  to  7  inches  long,  and  often  slightly  nodding.  Also  the  spike  of  this  species  is 
raised  by  its  long  peduncle  far  above  the  sheath  of  the  upper  leaf,  while  the  spike  of 
the  other  is  iiartly  included  in  the  upper  sheath.  They  may  be  grazed  or  mown  re* 
peatedly  during  spring  and  early  summer,  and  grow  rapidly  after  each  mowing. 
Many  acres  have  been  planted  in  the  last  few  years.  As  hay  it  is  rather  hard  unlns 
cut  when  young.  It  should  be  cut  as  soon  as  the  blooms  appear  or  earlier.  It  wonll 
be  preferable  to  have  these  grasses  for  grazing  or  soiling,  and  to  sow  better  grmfisrs 
for  hay. 

(Plate  119.) 

Elymus  coNDENSATrs.    (Giant  Eye  grass,  Western  Rye  grass.)  I 

This  is  a  perennial  grass,  ranging  from  San  Diego  throughoat  Cali- 
foruia,  and  into  Oregon  and  Washington  Territory,  also  in  the  Bocky  . 
Mountain  region  of  the  interior.    It  is  very  variable,  bat  always  a ; 
strong,  heavy-rooted,  coarse  grass,  from  3  to  5  or  even  to  12  feet  high. : 
Mr.  Bolander  states  that  it  seems  to  do  excellent  service  by  fixing  the  \ 
soil  on  the  banks  of  creeks  and  rivers.    In  the  larger  forms  the  colma ! 
are  half  an  inch  thick.    The  leaves  are  smooth,  2  feet  long  and  an  inch  I 
wide,  or  more,  and  the  panicle  8  to  14  inches  long  and  1^  inches  thick. 
As  it  usually  occurs  in  arid  grounds  it  is  from  3  to  6  feet  high,  the 
leaves  about  a  foot  long  and  half  an  inch  wide,  and  the  spike  like  pan- 
icle 4  to  8  inches.    In  the  large  form  the  branches  of  the  panicle  are 
subdivided  and  1  or  2  inches  long. 

More  commonly  there  are  two  to  five  sessile  spikelets  at  each  joint  of 
the  axis,  the  spikelets  about  three-flowered.  The  outer  glumes  are  sub- 
ulate or  short,  bristle-like.  The  flowering  glumes  are  mostly  coriaceous, 
five-nerved,  rounded  on  the  back,  and  acute  or  mucronate  pointed. 

There  is  a  variety  called  TriticaideSj  which  has  a  more  slender,  less 
crowded  spike,  the  spikelets  more  distant,  not  more  than  two  at  a  joint, 
and  frequently  single,  the  culm  more  slender,  and  the  leaves  narrov^ 
or  involute.  This  variety  seems  to  unite  the  genus  to  Triticum.  (Plate 
120.) 
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GLOSSARY  OF  TERMS    USED  /.V  DESCRIBIXG   GRA6SES, 

Abrupt,    Terminating  suddenly. 

Acuminate,    Extended  into  a  tapering  point. 

Acute,    Sharp-pointed. 

Alternate,    Situated  regularly  one  above  the  other  on  opposite  sides. 

Annual,    Living  but  one  season. 

Anther,    The  organ  containing  tlie  pollen  or  flower  dust.   • 

Apex,    The  top  or  extreme  end  of  any  part. 

Appreesed,    Pressed  together,  not  spreading. 

ArtJ'tate,    Having  an  awn  or  beard. 

Articulated,    Connected  by  a  Joint  or  joints. 

Aecending,    Rising  obliquely  from  the  ground. 

AwUakaped.    Gradually  narrowed  to  a  fine  point  like  an  awl. 

Aum,    A  bristle-like  hair  proceeding  from  the  glumes. 

AriB.     The  central  stem  of  a  panicle,  spike,  or  spikelet  on  which  the  flowers  are  dis- 
posed. 

Beard,    A  long  slender  hair  or  aw^n. 

Biennidl,    Living  through  two  seasons. 

Bifid.     Divided  into  two  portions  at  the  apex. 

Biuxaal.    Having  both  stamens  and  pistils. 

Blade,    The  expanded  portion  of  a  leaf. 

Boat-shaped,    Folded  together  in  the  form  of  a  boat,  convex  outwardly  and  concave 
on  the  inside. 

Branch,    A  division  of  the  stem  or  panicle. 

Branchlet,    A  secondary  division  of  the  branch. 

BrietJet,    Short,  stiff  hairs. 

Bulboue.    Thickened  like  a  bulb. 

Cmepit4>ee,    Growing  in  bunches  or  tufts. 

Capillary,    Hair- like,  very  slender. 

GirtUaginouM,    Firm  and  tough  like  cartilage. 

Carinate,    Keeled,  having  a  prominent  ridge  in  the  center. 

Caulmt,    Belonging  to  the  culm  or  stem. 

Chaff.    The  dried  glumes  and  palets  of  grasses. 

CkariaceouB,    The  texture  resembling  paper  or  parchment  in  thickness. 

Ciliate,    Having  the  margin  or  nerves  fringed  with  hairs. 

Cem^eseed,    Flattened  laterally. 

Contorted.    Twisted. 

Convolute,    Rolled  together  inward  from  the  margins. 

Cornaeeoua.    Of  a  horn-like  consistence. 

Coriaceous.    Of  a  leathery  consistence. 

Culm,    The  stalk  or  stem  of  grasses. 

Cuspidate,    Ending  in  a  sharp,  stiff  point. 

Deeumbent.    Reclining  on  the  ground,  but  rising  at  the  top. 

Dickotomous,     Branching  in  twos,  forking  by  pairs. 

Digitate.    Dividing  from  a  common  point. 

Dioedous.    Having  the  stamens  and  pistils  on  separate  plants,  the  stamiuute  flow- 
ers on  one  and  pistilate  flowers  on  another. 

Dimrging.    Widely  spreading. 

Dorsal,    Belonging  to  or  growing  from  the  back. 

Xmarginate.    Having  a  notch  at  the  end. 

Entire.    Without  notches  or  divisions. 

Equal.    Alike  in  length. 

Eiserted.     Protruded,  extended  beyond,  standing  ont. 
2218  GR 8 


114     THE   AGRICULTURAL   GRASSES    OF   THE    UNITED   STATES. 

Fertile.    Having  perfect  pistils,  prodacing  frnit. 

Fibrous,    Having  thread-like  divisions. 

F\lament    The  stalk  or  support  of  the  anther. 

Filiform,    Thread-like. 

Flexuou9.     Bending  freely. 

Flortt,    The  flowers  of  grasses  are  sometimes  called  florets. 

Foliaeeou»,    Resembling  a  leaf. 

Fusiform,    Spindle-shaped/ largest  in  the  middle  and  tapering  to  both  ends. 

Geniculate.    Bent  abrn|»tly  at  an  angle,  like  a  knee. 

Genus,    A  group  of  species  having  a  general  agreement  in  structure. 

Olabroue.    Smooth,  without  hairs  or  roughness. 

Glaucous.    Having  a  light  bluish-green  color. 

Glomerate.    Clustered  in  small  roundish  heads. 

Glumes.    The  chaff-like  leaves  forming  a  part  of  the  flowers. 

Herbaceous,    Herb-like,  not  woody. 

Hirsute.    Pubescent,  with  rather  stiff  and  coarse  hairs. 

Hyaline,    Thin  and  transparent. 

Indigenous.    Growing  naturally,  not  brought  from  some  other  country. 

Inferior,    Lower  in  position. 

Inserted,    Growing  out  of,  or  upon  another. 

Iniemode.    The  space  between  two  nodes  or  joints. 

Involute.    Rolled  together  inwards. 

Imbricate.    Closely  overlapping  each  other,  as  frequently  the  flowers  of  a  apikelek 

■Joints.    Thickenings  in  fbe  stem  where  the  leaves  originate ;  separable  parts  of  aa 
axis ;  point  of  issue  of  the  branches  of  a  panicle. 

Keel,    An  elevated  longitudinal  lidge,  in  the  middle  of  a  leaf,  glume,  or  palet;  re- 
sembling the  keel  of  a  boat. 

Lamina.    The  free  or  expanded  portion  of  a  leaf,  as  distinguished  from  the  petiol« 
or  the  sheath ;  the  blade  of  a  leaf. 

Lanceolate.    Tapering  gradually  to  the  apex,  like  a  lancet. 

Lateral.    At  or  from  the  side. 

Ligule,    A  tongue-like  appendage  at  the  upper  part  of  the  sheath  of  a  leaf. 

Line.    The  twelfth  part  of  an  inch. 

Linear,    Long  and  narrow,  with  parallel  sides. 

Lobe,    Some  division  of  a  glume. 

Male  flower,    A  flower  that  has  stamens,  but  without  pistil. 

Membranaceous,    Thin  like  a  membrane,  generally  somewhat  translucent. 

Monoecious,    With  stamens  and  pistils. 

Midrib.    The  central  and  principal  nerve  of  a  leaf  or  glume. 

Mucronate.    Abruptly  tipped  with  a  short  awn  or  bristle. 

2ierves.    The  ribs  or  veins  of  a  leaf,  or  leaf-like  organ. 
'  Neutral.    Having  neither  stamens  nor  pistils. 

Nodes.    Knots  or  thickened  portions  in  the  culms. 

Oblong,    Longer  than  wide,  with  nearly  parallel  sides 

Obovate,    Egg-shaped,  with  the  wider  end  uppermost. 

Obtuse,    Blunt  or  rounded  at  the  apex. 

Oval,    Broadly  elliptical,  approaching  the  round  form. 

Ovary,    That  part  of  the  pistil  which  contains  the  seed . 

Ovate,    Egg-shaped. 

Palet  orpalea.    The  inner  scale  or  chaff  of  the  proper  flower,  placed  nearly  opposits 
and  a  little  higher  on  the  axis  than  the  flowering  glume. 

Panicle.    A  branched  and  subdivided  stem  bearing  the  flowers. 

Pedicel.    A  small  branchlet  supporting  a  <ipikelet. 

Peduncle.    The  main  stem  or  stalk  of  a  flower  spike. 

Perennial.    Living  more  than  two  years,  or  indefinitely. 
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Ptrfeci,    Having  both  stamens  and  pistils. 

Petiole,    The  stem  of  a  leaf. 

PiuHL    The  central  or  female  organ  of  a  fertile  flower. 

Piatillate,    Having  only  pistils  without  stamens. 

PlumoM.    Feather-like. 

PolUn.    The  powder  contained  in  the  anthers. 

Pubescent,    Clothed  with  short  and  soft  hairs. 

Badioal  leaves.    Those  growing  from  the  base  of  the  culm. 

Retolute,    Rolling  backwards  or  outwards. 

Kka4ihi»,     The  azin  or  stem  on  which  the  flowers  of  a  spikelet  are  arranged  ;  also  the 

common  axis  of  a  close  spike  or  of  a  panicle. 
Rkizoma  or  rootsiock,    A  horizontal  underground  stem. 
&b9.    Prominent  nerves  of  the  leaves  or  glumes. 
Rugoee,     Wrinkled  or  furrowed. 
Soahrow,    Rough,  with  small  points  or  hairs. 
Scarious.    Dry  and  thin,  and  generally  transparent. 
Serioeoue,    Covered  with  soft,  silky  hairs. 

Serrate,    Having  teeth  on  the  margin,  pointed  toward  the  apex. 
Serrulate,     Finely-toothed. 
SeanU,    Without  a  foot  stalk  or  pedicel. 
Setaceous.    Like  a  bristle. 

Sheath,    That  part  of  the  leaf  which  embraces  the  culm  or  stalk. 
Spike.    A  collection  of  sessile  or  nearly  sessile  flowers  on  a  close,  uarrow  axis. 
Spikelet.    A  flower  or  cluster  of  flowers  having  one  pair  of  outer  glumes. 
Stamen.    The  male  organs  of  a  flower,  including  the  anther  and  filament. 
Staminate.     Having  only  stamens. 
Sterile.    Imperfect  flowers  not  producing  seed. 
Strict.    Ereet  and  close. 

SiotoniferQue.    Sending  off  ofi^shoots  or  runners  from  the  base. 
Strigoee.    Having  spreading,  bristly  hairs. 
Subulate.    Stiff  and  linear,  shaped  like  an  awl. 
Succulent*     Fleshy  and  juicy. 
Stjfle.    That  portion  of  the  pistil  bearing  stigmas  or  a  stigmatic  surface ;  in  grasses 

often  branching. 
Druncate.    Abruptly  cut  off  at  the  apex. 
Unequal,    Not  of  equal  length. 
Ferticillate.    Arranged  in  a  whorl  or  whorls. 
VUloue.    Velvety,  clothed  thickly  with  long,  sofb  hairs. 

Whorl,    A  namber  of  leaves  or  branches  arranged  around  a  stem  on  the  same  plane. 
Wooly.    Clothed  with  long  and  matted  hairs. 
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In  submitting  grasses  to  chemical  analysis,  with  a  viewof  jadgiugof 
their  natritive  value,  it  is  usual  to  determine  the  amount  present  of 
water,  ash,  fat  or  oil,  fiber  and  nitrogen.  From  the  latter  the  amount  of 
albuminoids  to  which  it  is  equivalent  is  readily  calculated  by  multiply- 
ing by  a  factor  which  represents  the  per  cent,  of  nitrogen  present  in  the 
average  albuminoid,  and  by  subtracting  the  sum  of  all  these  constit- 
uents from  one  hundred,  the  percentage  of  undetermined  matter  is  ob- 
tained, and  as  it  of  course  contains  no  nitrogen,  and  consists  of  the  ex- 
tractive principles  of  the  plant,  it  is  described  as  "  Nitrogen  free  extract.'' 
It  includes  all  the  carbo-hydrates,  such  as  sugar,  starch,  and  gum,  to- 
gether with  certain  other  allied  substances,  with  which  we  are  less  in- 
timately acquainted,  but  which  have  a  certain  nutritive  value. 

Although  it  has  been  customary  to  state  as  albuminoids  the  equivalent 
of  the  nitrogen  found,  this  is  rarely  entirely  correct,  as  a  poi*tion  is  gener- 
ally present  in  a  less  highly  elaborated  form  of  a  smaller  nutritive  value. 
This  portion  is  described  as  non-albuminoid  nitrogen,  and  in  analyses 
of  the  present  day  the  amount  is  always  given  as  an  additional  source 
of  information,  although  our  knowledge  of  its  exact  value  to  the  animal 
is  rather  uncertain. 

The  ultimate  composition  of  the  ash  is  also'  frequently  determined,  and 
examples  of  the  results  obtained  are  of  interest,  as  showing  the  mineral 
matter  that  grasses  withdraw  from  the  soil. 

Without  entering  into  a  discussion  of  the  nutritive  value  of  the  several 
constituents  of  the  grasses,  for  whi  ch  reference  can  be  made  to  Armsby's 
Manual  of  Cattle  Feeding,  it  is  sufficient  to  say  that  during  the  past 
few  years  the  greater  portion  of  the  species  described  by  Dr.  Yasey  in 
the  preceding  portion  of  this  bulletin  have  been  analyzed,  and  the  results 
collected  and  rearranged,  with  some  corrections,  from  the  annual  reports 
of  the  Department  are  presented  in  the  following  pages. 

The  first  series  consists  of  analyses  made  with  specimens  collected  at 
or  near  the  time  of  blooming.    Their  origin  is  as  follows: 

Ko.  of  anal. 

1.  Paspalum  laeve  (Water  ^ass).    From  Prof.  S.  B.  Buckley,  Anstin,  Tex.     1878. 

2.  Pa9palum  laeve  (Water  grass).    From  the  Eastern  Experiment  Farm,  West  Grove, 

Chester  Coanty,  Pennsylvania.     1880,  August  23-29. 

3.  Paspalum  ovatum. .  From  8.  L.  Goodalc,  Saco,  Me.    1880. 

4.  Paspalum  praecox.     From  Charles  Mohr,  Mobile,  Ala.    1879. 

5.  Diffitariafilifarme,    From  Charles  Mohr,  Mobile,  Ala.     1878. 
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'Xo.  of  anal. 

6.  Di^itaria  eanguinale  (Crab  grass).    From  Charles  Mobr,  Mobile,  Ala.     It578. 

7.  Digiian'ia  sanguinale  (Crab  grass).    Frooi  the  grouuds  of  the  Department.    Jaiw  i 

23, 1880. 

8.  Digitaria  sanguinale  (Crab  grass).     From  the  Eastern  Experiment  Farm^  Wail 

Grove,  Chester  County,  Pennsylvania.    August  11,  1880. 

9.  Panicumjumentoj'um.    From  Charles  Mohr,  Mobile,  Ala.     1878. 

10.  Panicum  Texanum  (Texas  millet).    From  Prof.  S.  B..  Buckley,  Austin,  Tex.     l!?79. 

11.  Panicum  proliferum  (Large  Crab  grass).     *'  Very  ripe  and  rank."     From  CliartaB  , 

Mohr,  Mobile,  Ala.     1879. 

12.  Panicum  agrosioidea  (Marsh  panic).     From  W.  S.  Robertson,  Muscogee,  Ind.  T. 

1879. 

13.  Panicum  anceps.    From  Charles  Mohr,  Mobile,  Ala.    1879. 

14.  Paniaim  anceps.    From  the  Eastern  Experiment  Farm,  West  Grove,  Chester 

County,  Pennsylvania.    July  31,  1880. 

15.  Panioum  crus-galli  (Bam -yard' grass).    From  Charles  Mohr,  Mobile,  Ala.     1879. 

16.  Panicum  crus-galli  (Barn-yard  grass).    From  Prof.  S.  B.  Buckley,  Austin,  Tex. 

17.  Panicum  cru8-galli  (Cock's  foot).     From  the  Eastern  Ex{)eriment  Farm,  Wf«4 

Grove,  Chester  County,  Pennsylvania.    August  25,  1880. 

18.  Panicum  virgaium  (Panic  grass).     From  W.  S.  Robertson,  Muscogee,  Ind.  T.    1?*79. 

Low  growth. 

19.  Panioum  mrgatum  (Tall  panic  or  switch  grass).     From  Prof.  S.  B.  Bncklej,  Aus- 

tin, Tex.     1878. 
no,  Panicum  virgaium  (Tall  panic  or  switch  grass).    From  Charles  Mohr,  Mobile,  Ala. 
1878. 

21.  Panicum  virgaium  (Tall  panic  or  switch  grass).    From  W.  S.   Robertson,  Mus- 

cogee, Ind.  T.     1879.    Tall  growth. 

22.  Panicum  diraricatum.    From  Charles  Mohr,  Mobile,  Ala.     1879. 

23.  Panicum  gihbum.    From  Charles  Mohr,  Mobile,  Ala.     1879. 

24.  Panicum  ohiusum.    From  Prof.  S.  B.  Buckley,  Austin,  Tex.     1878. 

25.  Panicum  capillare  (Witclj  grass).     From  W.  S.  Robertson,  Muscogee,   Ind.  T.  : 

1879. 
126.  Panicum  dichotomum.    From  Charles  Mohr,  Mobile,  Ala.    1879. 

27.  Seiaria  Italica.    From  theEastern  Experiment  Farm,  West  Grove,  ChesterConnty 

Pennsylvania.    July  24,  1880. 

28.  Seiaria  glauca  (Foxtail).    From  the  grounds  of  the  Department.    July  24,  1880. 

29.  Seiaria  glauca  (Foxtail).     From  the  Eastern  Experiment  Farm,  West  Grove,  Ches 

ter  County,  Pennsj'lvania.     August  11,  J.880. 

30.  Setaria  setosa  (Bristle  grass).    From  Prof  S.  B.  Buckley,  Austin,  Tex.     1878, 

31.  Tripsaoum  dactyloides  (Gama  grass).    From  D.  L.  Phares,  Woodville,  Miss.     I87S.  | 

32.  Tripaacum  dactyloides  {GAmo,  grass).   From  Eastern  Experiment  Farm,  West  Grore, 

Chester  County,  Pennsylvania.     1880. 

33.  Spartina  cynosuroides  ( Whip  grass).     From  A,  C.  Lathrop,  Glen  wood,  Pope  Connty 

Minnesota.  .  1879. 

34.  Spartina  cynosuroides  (Whip  grass).    From  J.  D.  Waldo,  Quiucy,  111.     1879. 

35.  Spartina  cynosuroides  (Whip  grass).    From  W.  S.  Robertson,  Muscogee,  Ind.  T. 

1879. 

36.  Andropogon  Virginicus  (Brown  sedge,  Sedge  grass).     From  Prof.  8.  B.  Buckley, 

Austin,  Tex.     187t!. 

37.  Andropogon  scoparius.     From  Charles  Mohr,  Mobile,  Ala.     1879.     Before  bloom. 
^.  Andropogon  scoparius  (Broom  grass).     From  Charles  Mohr,  Mobile,  Ala.      1878. 

39.  Andropogon  scoparius.    From  W.  S.  Robertson,  Muscogee,  Ind.  T.     1879. 

40.  Andropogon  macrourits  (Broom  grasi>).    From  Charles  Mobr,  Mobile,  Ala. 

41.  Andropogon  furcatus  (Blue  joint  grass).     From  A.  C.  Lathrop,  Glenwood,  Pope 

County,  Minnesota.     1879. 
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ITo.  of  anal. 

42.  Andropogim  furcatua  (Bine  joint).    From  D.  H.  Wheeler,  Nebraska.     1879. 

4.3.  AndropogonfurcatHS  (Blue  joint).    From  W.  S.  Robertson,  Muscogee,  Ind.  T.    1879. 

44.  Andropogon  furcahis  (Blue  joint  grass).     From  Eastern  Experiment  Farm,  West^ 

Grove,  Chester  County,  Pennsylvania.    September  2,  1880. 

45.  Andropogon  argenteus  (Silver  Beard  grass).    From  W.  8.  Robertson,  Muscogee 

Ind.  T.     1880. 

46.  Sorghum  halapense  (Johnson  grass.)     From  Charles  Mohr,  Mobile,  Ala.     1878. 

47.  Sorghum  nutans.    From  W.  S.  Robertson,  Muscogee,  Ind.  T.     1879. 

43.  iSorghum  nutans  (Wood  grass).     From  Prof.  S.  B.  Buckley,  Austin,  Tex.     1878. 

49.  PhalarU  intermediay^RT,  angusta  ( Americao  Canary  grass).    From  South  Carolina, 

1879. 

50.  Anihoxanthum  odoratuMf  (Sweet  Vernal  grass).  From  James  O.  Adams,  Manchester, 

N.  H.     1879. 

51.  Anthoxanthum  odoratum  (Sweet  Vernal  grass).     From  the  Eastern  Experimental 

Farm,  West  Grove,  Chester  County,  Pennsylvania.    May  11-24,  1880. 

§'2.  Anthoxanthum  odoratum  (Sweet  Vernal  grass).     From  the  grounds  of  the  Depart- 
ment.    May,  1  1880. 

5Z.  Hierochloa  horealU  (Vanilla  grass).     From  E.  Hall,  Athens,  111.     1878. 

54.  Alopeeurus pratensie  (Meadow  foxtail).    From  the  grounds  of  the  Department. 

May  1,  1880. 

55.  Aristida  perpuraacens  {Furple  Beard  grass).     From  W\  S.  Robertson,  Muscogee, 

Ind.  T. 
5€.   Milium  effusum.    From  C.  G.  Pringle,  Hazen's  Notch,  Vt.    1880. 

57.  Muhlenbergia  diffusa  (Drop-seed  grass).     From  Prof.  S.  B.  Buckley,  Austin,  Tex. 

1878. 

58.  Jf»A{eM&er^iadf/r<i«a  (Drop-seed  grass).    From  Eastern  Experimental  Farm,  West 

Grove,  Chester  County,  Pennsylvania.    Aug.  25,  1880. 

59.  MuhUnbergia  Moneana.    From  Eastern  Experiment  Farm,  West  Grove,  Chester 

County,  Pennsylvania.    Aug.  22,  1880. 

60.  Muhlenbergiaglomerata  (S&tin  grass).  From  A.  C.  Lathrop,  Glen  wood,  Pope  County, 

Minnesota.    1879. 
SI.  Muhlenbergia  spt  (Knot  grass).     From  James  O.  Adams,  Manchester,  N.  H.     1879. 
1879. 

62.  Phleum.praten8€  (Timothy,  Herd  grass).    From  the  grounds  of  the  Department. 

Jnno  18,  1880. 

63.  Phhum  pratense  (Timothy).    From  the  grounds  of  the  Department.    Wayside 

growth.     June  4,  1880. 

64.  PMeum  pratense  (Timoth.\).    From  the  grounds  of  the  Department.    June  26, 

1882.     First  year's  growth  from  seed. 

65.  Phleum  pratense  (Timothy).  From  Eastern  Experiment  Farm,  West  Grove,  Chester 

Conuty,  Pennsylvania.    June  20, 1880. 

66.  PMeum  pratense  (Timothy,  Herd  grass).     From  J.  W.  Sanborn,  Hanover,  N.  H. 

1«81. 

67.  PkUum  pratense  (Timothy).    From  W.  H.  Hackstaff,  La  Fayette,  Ind.     1882. 
66.  Phleum  pratense  (Timothy).    From'  J.  M.  Robinson,  Queen  Anne  County, 'Mary- 
land.    July  4, 1882.     Unmannred  for  years. 

69.  Sporoholu8  Indious  (Sweet  grass).     From  D.  L.  Phares,  Woodville,  Miss.     1878. 

70.  AgroBtis vulgaris  (Red  Top,  Herd  grass).    From  the  grounds  of  the  Department. 

June  2:J,  1880. 

71.  Agrostis  vulgaris  (Red  Top).     From  the  grounds  of  the  Department.     Wayside 

growth.    June  18,  1880. 

72.  Agrostis  vulgaris  (Herd  grass).  From  the  Eastern  Experimental  Farm,  West  Grove 

Chester  Conut>',  Pennsylvania. 

73.  AgrosHs  vulgaHs  (Red  Top).     From  J.  J.  Rosa,  Milford,  Del. 
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"So.  of  anal. 

74.  AgroBtiB  exarata  (Native  Red  Top).    From  Theo.  Louis,  Louisville,  Wis.     ltJ7d. 

75.  Ctiitta  arundinacea  (Reed  grass).     From  W.  S.  Robertson,  Muscogee,  Ind.  T. 

'    76.  Holcus  lanatus  (Velvet  grass).    From  the  grounds  of  the  Department.     May  25^ 
1880. 

77.  Jvena  striata  (Mountain  Oat  grass).   From  Cyrus  G.  Pringle.  Char)ott4^.  Vt.    1839L 

78.  Jrrhenatherum  avevaceum  (Oat  grass).    From  the  grounds  of  the  DepiAnmeDt. 

May  25, 1880. 

79.  Jrrhenatherum  avenaceum  (Oat  grass).    From  Dr.  W.  C.  Benbow,  GreensUoro*,  N» 

C.    Late  bloom.    May  12,  1880. 

80.  Danthania  spicata  (Wild  Oat  grass).    From  James  O.  Adams,  Manchester,  N.  H. 

1879. 

81.  Danthania  campressa  (Wild  Oat  grass).    From  Cyrus  G.  Pringle,  Charlotte,  \X 

1874. 

82.  Cynodon  dactylon  (Bermuda  grass).    From  Charles  Mohr,  Mobile,  Ala.     1878. 

83.  Cynodon  dactylon  (Bermuda  grass).    From  D.  L.  Phares,  Woodville,  Misa.     187*i. 

84.  Bouteloua  oUgonlachya  (Gamme  grass).    From  A.  C.  Lathrop,  Glenvrood,  Popa 

County,  Minnesota.     1879. 

85.  Eleusine  Indioa  (Yard  grass,  Crow-foot  grass).    From  Prof.  S.  B.  Buckley ,  Anstiiv, 

Tex. 

86.  Eleusine  Indica  (Yard  grass,  dec).    From  Dr.  W.  A.  Creswell,  AmericoB»  6a.    1878w . 

87.  Eleuaine  Indica  (Yard  grass,  &c.).    From  Charles  Mohr,  Mobile,  Ala.     1878. 

88.  Leptochloa  mucronata  (Feather  grass).    From  Prof.  8.  B.  Buckley,  AuBtin,  Tex* . 

1878. 

89.  Triodia  purpurea  (Sand  grass).    From  W.  S.  Robertson,  Muscogee,  Ind.  T.     1B79L 

90.  Triodia  tealerioidet  (Tall  Red  Top).    From  Prof.  S.  B.  Buckley,  Austin,  Tex.    187a.". 

91.  Uniola  1at\folia  (Fescue  grass).    From  Charles  Mohr,  Mobile,  Ala.     1879. 

92.  Uniola  latifolia  (Fescue  grass).    From  M.  S.  Robertson,  Muscogee,  Ind.  T.    1839^ 

93.  DaotyliB  glomerata  (Orchard  grass).     From  James  O.  Adams,  Manchester,  N.  H. 

1879. 

94.  Daotylis  glomerata  (Orchard  grass).    From  the  grounds  of  the  Department,  May 

13,  1880.    First  growth. 

95.  Daotylis  glomerata  (Orchard  grass).    From  the  grounds  of  the  Department,  Jooe 

18,  1880.     Later  growth. 

96.  Dactylis  glomerata  (Orchard   grass).     From  Eastern  Experiment  Farm,  West; 

Grove,  Chester  County,  Pennsylvania.     1880. 

97.  Daotylis  glomerata  (Orchard  grass).    From  W.  H.  Cheek,  Warren  County,  Nortb^ 

Carolina.     Early  bloom.    May  16, 1880.  1 

98.  Dactylis  glomerata  (Orchard  grass).     From  Dr.  W«C.  Benbow,  Greensboro^  X.  C.-' 

1880.     Early  bloom,  May  12. 

99.  Daotylis  glomerata  (Orchard  grass).    From  S.  L.  Goodale,  Saoo,  Me.     18d0. 
iOO.  Poa  pratensis  (Blue  grass,  June   grass).     From  Theo.  Louis,   Louisville,   Wia. 

187i. 

101.  Poa  pratensis  (Blue  grass,  &c.).     From  James  O.  Adams,  Manchester,   N.  IL 

1879. 

102.  Poa  praUmsis  (Blue  grass,  &c.).     From  the  grounds  of  the  Department.     M»y  ^ 

1880.     Growth  from  best  soil. 

103.  Poa  pratensis  (Bine  grass,  &c.).    From  the  grounds  of  the  Department.     May  S^ 

1880.     Growth  from  poorer  soil. 

104.  Poa  pratensis  (Blue  grass,  &c.).    From  the  grounds  of  the  Department.      May  1% 

1880.     Growth  by  wayside. 

105.  Poa  pratensis  (Blue  grass,  &c.).     From  J.  D.  Waldo,  Quincy,  111.     May  17,  ld8QL 

106.  Poa  pratensis  (Blue  grass,  &c. ).    From  W.  B.  Cheek,  Warren  County,  North  Car- 

olina.     1880.    Before  bloom. 
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.07.  Poa  praienns  (Bine  grass,  &c.).    From  Eastern  Experiment  Farm,  West  Grove, 
Chester  Connty,  Pennsylvania.     1880. 

08.  Poa  compressa  (English  Blue  grass,  Wire  grass).    From  James  O.  Adams,  Man- 

chester, X.  H.    1879. 

09.  Poa  compressa  (English  Blue  grass).     From  the  grounds  of  the  Department. 

June  17,  1880. 

10.  Poa  comprewa  (English  Blue  grass).    From  pastern  Experiment  Farm,  West 

Grove,  Chester  County,  Pennsylvania.    June  10,  1880. 

11.  Poa  compressa  (Euglish  Blue  grass).  "  From  J.  J.  Rosa,  Milford,  Del.    June  6, 

1880. 
113.  Poa  seroHna  (Fowl- meadow  grass,  False  red  top).    From  Theo.  Louis,  Louisville, 
Wis.     1878. 

13.  Poa  arachnifera.    From  Ellis  County,  Texas.     1882. 

14.  Poa  alaodes.    From  Eastern  Experiment  Farm, West  Grove,  Chester  County,  Penn- 

sylvania.    June  2,  1880. 

15.  Olyceria  agualioa  (Reea  Meadow  grass).    From  Cyrus  6.  Pringle,  Charlotte,  Yt. 

1879. 

16.  Gljfceria  nerrata  (Fowl  Meadow  grass).    From  Cyrus  G.  Pringle,  Charlotte,  Vt. 

1879. 

17.  Glifceria  nervala  (Fowl   Meadow  grass).    From  James  O.  Adams,  Manchester, 

N.  H.     1879. 

18.  Gljfceria  nervata  (Fowl  Meadow  grass).    From  Eastern  Experiment  Farm,  West 

Grove,  Chester  County,  Pennsylvania.    June  2,  1880. 

19.  Ffstuca  orina  (Sheep's  Fescue).    From  James  O.  Adams,  Manchester,  N.  H.    1879. 

20.  Festuea  orina  (Sheep's  Fescue).    From  the  grounds  of  the  Department.    May  21, 

1880. 

21.  Ftstuca  elatior  (Meadow  Fescue).    From  Eastern  ExperimentFarm,  West  Grove, 

Chester  County,  Pennsylvania.    June  2,  1880. 
B2.  FetiHca  praiensts  (Meadow  Fescue).    From  James  O.  Adams,  Manchester,  N.  H. 

1879. 
is.  Ftstuca  praiensis  (Field  Fescue).     From  the  grounds  of  the  Department.     June 

1, 1880.    After  bloom. 
24.  Bromua  secalinus  (Cheat  or  Chess).     From  James  O.  Adams,  Manchester,  N.  H. 

1879. 
ft.  BroMus  unioloides  CSchradeFs  grass).    From  the  gron nds  of  the  Department.    1879. 
kO.  BroMtMiiirio/o((fc«(Schrader's  grass).    From  the  grounds  Qf  the  Department.    May 

13, 1880. 
17.  BromMs  erectvs  (Chess).    From  the  grounds  of  the  Department.    May  19, 1880. 

28.  Bromus  oarinaius  (Califomia^rown  grass).     From  E.  Hall,  Athens,  111.     1878. 

29.  LoHum  perenne  (Common  Darnel,  Ray,  or  Ryegrass).    From  the  grounds  of  the 

Department.    June  1,  1880. 

20.  LoHumperenne  (Rj'e  grass,  &c.).    From  Eastern  Experiment  Farm,  WestOrove, 

Chester  County,  Pennsylvania. 

21.  LoUum  Itaficum  (Italian  Rye  grass).     From  the  grounds  of  the  Department. 

May  26,  1882. 
&  Agropurnm  repens  (Conch,  Quitch,  or  Quick  grass).    From  James  0.  Adams,  Man- 
chester, N.  H.     1879. 

13.  Jgropifrum  repens  (Couch  grass,  &c.).    From  Eastern  Experiment  Farm,  West 

Grove,  Chester  County,  Pennsylvania. 

14.  Agropyrum  reoens  (Conch  grass).    From  S.  L.  Goodale,  Saco,  Me.     1880. 

1&.  Agropffrum  repenn  (Couch  grass,  &c.).     From  the  grounds  of  the  Department. 

June  23,  18H0.     Early  bloom. 
K.  Elgrnas  canadensis  (Wild  Rye  grass).    From  D.  H.  Wheeler,  Nebraska.    1879. 
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The  specimeos,  it  will  be  seen,  are  from  all  parts  of  the  country  aDij 
grown  under  every  condition  of  soil  and  environment.    Those  collec 
by  Dr.  Peter  Collier  in  1878  and  1879  were  mostly  from  the  poorer  so 
and  were  intended  to  represent  the  wild  grasses  of  the  country,    Th 
collected  in  subsequent  years  by  myself  were  chiefly  cultivated  vari< 
ties.    The  development  in  nearly  every  case  was  full  bloom  or  she: 
after,  that  being  the  period  at  which  the  grasses  as  a  whole  seem  to 
cut  for  hay. 

The  analyses  have  been  calculated  for  "  dry  substance"  and  also 
"  fresh  grass"  where  the  amount  of  water  in  the  fresh  grass  had 
determined,  otherwise  for  the  average  amount  of  water  in  hay  as  giv 
by  Wolff.  This  figure  is  probably  too  high  for  the  United  States  owini 
to  our  drier  climate,  but,  in  the  absence  of  exact  data  for  the  selectio] 
of  a  more  accurate  one,  it  has  been  provisionally  accepted.  It  is  very 
easily  to  calculate  from  the  composition  of  the  dry  substance  what  effeel 
the  presence  of  any  percentage  of  water  would  have  on  the  absolati 
amount  of  any  constituent  presient  in  a  given  weight  of  grass. 
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The  great  variation  in  composition  of  grasses 
examining  the  one  hundred  and  thirty-six  analyses ; 
the  highest  and  lowest  determinations  the  following  table  of  extremes 
has  been  prepared : 

Limits  of  composition  of  grasses. 


Drr  Bnbstance. 


Higbest.    Lowest 


Aah 19.24  3.57 

Fat 5.77  1.48 

Nitrogen  free  extract 66.01  .  34.01 

Grade  fiber 37.72  17.68 

AlbamiDOictfl 23.13  2.80 

Nitrogen 3.70  .45 

Non-albuminoid  nitrogen : j.  64  .00 

Per  cent,  of  nitrogen  a8  non-albnmlnoid 60.7    '  .00 

Water  in  fresh  grass 76. 50  60. 00 


The  highest  ash  is  nndoabtedly  owing  to  the  presence  of  adherent 
soil,  and  the  lowest  carbo-hydrates  are  dependent  relatively  on  the  same 
cause.  The  wide  variations  in  fiber  and  albuminoids  must  be  regarded, 
however,  as  being  entirely  due  to  physiological  causes,  which  are 
difficult  to  explain.  Digitaria  sanguinale^  for  instance,  which  in  one 
specimen  contains  the  extreme  amount  of  albuminoids  and  a  sniall 
amount  of  liber  has  in  another  only  half  as  much  albumen  and  one  and 
three-quarter  times  as  much  fiber.  We  learn,  then,  that  species  are  not 
in  themselves  at  {ill  fixed  in  their  composition,  there  being  as  large  vari- 
ations among  specimens  of  the  same  as  between  specimens  of  different 
species.  Examples  may  be  found  in  several  portions  of  the  preceding 
tables,  and,  for  illustration,  several  analyses  of  Phelum  pratense  and  of 
JDactylis  glomerata  from  widely  separated  localities  are  given  in  the  fdl- 
lowing  tables : 

Analyses  of  PhJenm  pratense  (iinwthif)  from  various  localities, 

FULL  BLOOM. 


Locality. 


X 

< 

Department  garden,  1881 7. 16 

Department  garden,  1880 5. 66 

Maryland .' 4.03 

New  Hampshire 4.57 

Indiana 7.05 
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Analyses  of  Dactylis  glomerata  (orchnrd  grass)  from  tarious  hcalUies, 

FULL  BLOOM. 


Locality. 


•s 


North  Carolina 7.42 

District  of  Columbia  8.07 

Maine '  8.02 

District  of  Colombia >  6.00 

Pennsylvania I  6.33 

New  Hampshire 8.44 
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3.24 
3.89 
3.62 
2.66 
8.49 
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AVERAGE. 


Five  Localities. 


r.38 


3.33       65.17       25.19     &91  '    L43  ,    .36       SSl2 


The  average  composition  of  American  grasses  as  derived  from  the 
preceding  analyses  of  grasses  in  bloom  and  averages  for  different  sec- 
tions of  the  country,  has  been  calculated.  The  results  presented  in 
the  following  table,  with  Wolff's  averages  for  German  grasses,  are  of 
interest : 

Average  composition  of  grasses. 
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American : 
United  States 

9.21 
10.21 
9.28 
9.95 
6.64 

10.74  ' 
11.32  : 
18.77 

1 

1.47       .45        30i6 

North  of  Potomac 

1  1.63       .32         19.1 

South 

1. 47       .56        38. 1 

Middle  West. 

1.60       .41        SS.6 

West  of  Mississippi 

German  (Wolit) : 
Fair 

1.06  1    .41        «-7 
1.72    

Good 

l.Bl  '  

Verv  ffood •••••«•..••.•••••.' 

1 

The  different  sections  furnish  very  different  qualities  of  grasses,  and 
for  the  reason  that  those  from  the  North  were  almost  entirely  from  cul- 
tivated soil,  while  those  from  the  other  sections  were  many  or  most  of 
them  wild  species  from  old  sod.  The  improvement  brought  about  by 
cultivation  is  marked  and  the  difference  between  a  ton  of  wild  AYesteni 
and  Eastern  cultivated  hay  is  apparent. 

In  comparison  with  German  grasses  our  best  do  not  equal  in  amount 
of  albuminoids  those  classed  by  Wolff  as/air,  but  they  are  far  superior 
in  having  a  much  smaller  percentage  of  fiber  and  consequently  a  larger 
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amount  of  digestible  carbo-hydrates.  In  the  grasses  of  both  countries 
the  fiber  increases  witli  regularity  as  the  nitrogenous  constitutents 
decrease,  and  of  the  latter  the  non-albuminoid  portion  is  relatively 
greatly  the  poorer  the  quality  of  the  grass. 

CHAKGES  IN  COMPOSITION  DURING  GROWTH. 

In  addition  to  the  single  analysis  previously  tabulated,  analyses 
have  been  made  of  series  illustrating  the  changes  in  comiK)sition  of 
several  si>ecies  from  the  appearance  of  the  blade  to  the  maturity  of  the 
seed. 

The  grasses  examined  comprise : 

I.  Agro9t%8  vulgaris,    (Red  top.) 
A  series  from  richer  soil. 
A  series  from  poorar  soil. 
II.  Phletim praifUK.    (Timothy.) 
A  series  from  richer  soil. 
A  series  from  poorer  soil. 

A  series  of  first  year's  growth  from  seed  sown  in  garden  soil. 
A  series  from  l^a  Fayette,  Ind. 
A  series  from  Hanover,  N.  H.,  the  two  latter  from  rather  poor  soil. 

III.  DactyliSy  ghmerata,    (Orchard  grass.) 

A  series  from  the  first  growth. 
A  series  from  later  growth. 

IV.  AJopecuruB prattnMi.    (Meadow  fox-tail.) 

A  series  from  good  sod. 

V.  Poa  praien»i».    (Bine  grass,  Meadow  grass.) 

A  series  from  good  soil. 
A  series  from  poorer  soil. 
A  scries  from  the  wayside. 
A  series  from  Quincy,  III. 

VI.  Poa  compressa.    (Wire  grass.) 

A  series  from  poor  soil. 

VII.  liromm»  Htiioloidea,    (Schrader's  grass.) 

A  series  from  rich  garden  soil. 
YIIL  Bromua  ereciue.    (Broom  grass.) 
A  series  from  poor  soil. 

IX.  Eolcv»  Janaiu9.    (Sn tin  grass.) 

A  series  from  poor  soil. 

X.  Arrhenatherum  avenaceum, 

A  series  from  medium  soil. 

XI.  Seiaria  glauca, 

A  series  from  medium  soil. 

XII.  Jnthoxanthum  odoraium.    (Sweet  vernal  grass.) 

A  series  from  medium  soil. 

XIII.  Fesiuca  ovina.    (Sheep's  fescue.) 

A  series  from  i>oor  soil,  growing  in  hunches. 

XIV.  Loliwm  lialicum,    (Italian  Rye  grass.) 
A  series  from  low  moist  soil. 

A  s-^ries  of  first  year's  growth  from  the  seed  in  garden  soil. 

XV.  Loliam  perenne,    (Rye  gi-ass  darnel.) 

A  series  from  medium  soil. 
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« 

With  a  few  exceptions  the  specimens  were  personally  collected  in  tiie 
grounds  of  the  Department,  and  are  to  be  so  understood  when  notbiug 
else  is  said  in  their  description.  They  all  grew  in  the  summer  of  18SI 
Except  the  few  series  illustrative  of  the  first  year's  growth  of  cerudm 
species.  The  character  of  the  soils  has  been  designated  as  rich  or  f^- 
den  soil,  good  soil,  poorer  soil,  and  wayside  soil.  The  first  is  that  of  tte 
experimental  garden  of  the  Department,  and  is  above  the  average  rich- 
ness of  cultivated  soils;  the  second  is  that  of  the  lawns  about  the  De- 
partment building,  the  third,  a  light  gravelly  soil,  occurring  in  a  portioi 
of  the  grounds,  and  the  last  the  gutters  and  paths. 

The  specimens  were  cut  close  to  the  roots,  weighed  and  dried  rapidly 
in  a  current  of  air  at  60°  C.  The  methods  of  analysis  were  such  as 
have  been  described  in  previous  reports. 
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The  preceding  analyses  furnish  the  data  from  which  is  derived  tke^ 
general  conclusion  that  as  a  grass  grows  older  its  content  of  water  de-  | 
creases,  ash  decreases,  fat  decreases,  albuminoids  decrease,  carbo-hy^ 
drates  increase,  crude  fiber  increases,  non-albumin noids  decrease  tiAJ 
bloom  or  slightly  after,  when  it  is  at  its  lowest,  and  then  increases  agaiA 
during  the  formation  of  the  seed. 

There  are  exceptions  to  these  rules,  but  for  the  large  majority  of  spe-; 
cies  under  ordinary  'conditions  of  environment  they  hold  good. 

There  are  almost  no  exceptions  to  the  fact  that  the  water  decreases  uu 
the  maturer  specimens ;  that  is  to  say,  the  plant  gradually  dries  op  anil 
becomes  less  succulent.  The  ash  is  very  dependent  on  locality  aatl 
surroundings,  and  as  in  the  analyses  which  are  here  published  it  ii^ 
eludes  whatever  soil  there  may  be  mechanically  adherent  to  the  blade 
or  stalk  as  collected,  it  sometimes  shows  irregularities  from  one  period 
to  another. 

The  albuminoids  decrease  in  amount  with  great  regularity,  the  fev 
cases  where  an  increase  appears  being  owing  to  the  fact  that  the  B\}m- 
mens  were  probably  grown  under  varying  conditions. 

The  fiber  sometimes  decreases,  as  in  Bromus  erectus,  but  the  change 
in  that  direction  is  never  large.  i 

The  non-albuminoid  constituent^^,  however,  are  often  quite  the  revecil 
of  constant  in  their  manner  of  appearance  and  disappearance,  and  shonril 
themselves  to  be  largely  or  more  affected  by  environment  than  any  oi 
constituent.  In  Agrostis  vulgaris  they  continue  to  decrease  after  bl 
and  in  Anthoxanthum  odoratum  and  Festuoa  ovina  they  increase  s 

^^  I 

from  early  growth  to  maturity.  The  relative  amount  present  intM 
same  species  from  different  localities  is  extremely  variable,  as  may  \d 
seen  in  the  analyses  of  Phleum  pratense,  where  specimens  from  Indiaai 
contain  almost  no  non-albuminoid  nitrogen,  while  those  from  the  IM 
trict  of  Columbia  and  elsewhere  are  well  supplied.  The  specimens  fnM| 
poorer  soil  having  the  smallest  amount  in  some  cases  and  the  largest^ 
others,  the  fact  can  hardly  be  due  directly  and  entirely  to  the  lack  of  cot 
tivation,  but  as  the  averages  show  that  the  best  grasses  contain  theleiil 
non-albuminoids  it  is  plain  that  it  is  dependent  on  the  sources  of  nitni 
gen  and  the  supply  furnished  the  plant.  The  usual  changes  iu  the  noft 
albuminoids  seem  to  point  to  the  possibility  that  they  increase  at  tlM 
time  of  the  formation  of  the  seed  in  the  act  of  transferring  to  the  seed, 
as  amides,  the  nitrogen  of  the  plant. 

THE  BEST  PERIOD  OF  GROWTH  AT  WHICH  TO  CUT  FOB  HAY. 

Although  largely  a  matter  of  opinion,  it  would  seem  from  the  forego 
ing  results  that  the  time  of  bloom  or  very  little  later  is  the  Uttest  fti 
cutting  grasses  to  be  cured  as  hay.  The  amount  of  water  has  dimis 
ished  relatively,  and  there  is  a  proportionately  larger  amount  of  nutti 
ment  in  the  material  cut,  and  the  weight  of  the  latter  will  be  at  il 
highest  point  economically  considered.  Later  on,  the  amount  of  fihfl 
becomes  too  prominent,  the  stalk  grows  hard,  arid,  indigestible,  and  tb 
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albuminoids  decrease,  while  the  dry  seeds  are  readily  detached  from 
:heir  glumes  and  lost  with  their  store  of  nitrogen. 

For  different  species,  however,  different  times  are  undoubtedly  suit- 
able, and  experience  must  be  a<lded  to  our  chemical  knowledge  to  enable 
I  rational  decision  to  be  arrived  at. 

THE  COMPOSITION   OF    THE  ASH. 

The  ash  of  many  foreign  varieties  of  grasses  have  been  analyzed  and 
the  results  collected  and  published  by  Wolff.  Of  American  growth  the 
p«ll  of  only  a  number  of  the  wild  grasses  collected  in  1878  have  been 
examined.    The  results  are  here  given: 

Ash  analyses — qraesen. 


Name. 


fiiiTochloa  borealii  (Vanilla  j^'aas) . . . 

Mnuine  Indica  (wire  li^raas) 

^nmrie  India  (wire  grass) 

XUurine India  (wiregrass) 

ViUola  lat\folia  (feacne  grass) 

"     don  dqetylon  ( Bermada  grass)  ■ . 
don  ddctylon  { Bermuda  grass) . . 

aheltu  Indietu  (smnt  grass) 

ndropogan  Virg.  (broom  grass) 

\Aiidropogon  geoparitu 

i^  praienM  (Kentncky  blae  grass) 
Xte  ierotina  (fowl  meadow  grass) 


J^actyioctenium  Bffupt  (Egyptian  grass) 
]PHnieutn  »anguinaU  (Crab  grass) 


[^Pmieum  jumentorum  (true  Guinea 

I    frass) 

ihuuatm  obtutum 

[jf^ieum  virgahtm  (tall  panic  grass) . . . 

fgWioum 

[hmicum  Texanum  (Texas  millet) 

Lj^ievm  Ontsgatti  (bam-yanl  grass) . . . 
i^amcum  iUifarme  (slender  orab  grass) . . 

Pkrgkumkaiap«n§e  (Johnson  grass) 

[Morautm  awetiaeeum  (Indian  grass) 

^MiMatbtrgia  difusa  (dro^a  seed) 

UnmuM  vnioicidea  (Schrader's  grass) . . . , 

Bromut  eariiuUu*  (broome  grass) 

,  Jfroftw  exarata  (brown  top) 

^  ntpalum  Iceve  (water  grass) 

I  Mtlaria  teto9a  (bristly  foxtail) , 

Zfftoehloa  mueronata  (feather  grass) 

I^waeum  d(utyloid«$  (gama  grass) 

fnettfpis  $etlen<nde»  (tall  red  top) 
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CONCLUSION. 

The  work  which  has  been  collected  in  the  previous  pages  extended 
over  several  years,  from  1878  to  1883.  It  was  inaugurated  by  Dr.  Peter 
Collier,  as  chemist  to  this  Department,  and  the  laboratory  work  for  the 
(k.first  year  was  in  the  hands  of  Mr.  Henry  B.  Parsons,  Mr.  Charles  Wel- 
;  Kngton,  and  myself.  The  remainder  of  the  work  has  been  under  my 
;  own  supervision,  and  has  been  almost  entirely  carried  out  by  Mr.  Miles- 
^  Fuller  and  myself.  It  is  hoped  that  the  collection  and  rearrangement 
i  of  the  results  will  give  them  an  increased  value. 
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teoalinua 105 
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Cinia  amndinacea 68 

pendala 68 

Cynodon  daotylon 80 
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Dascbampaia 72 

ccBspitoaa 8,72 

dantbooloidea 73 

flexaosa 72 
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gracilis 62 
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